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TABLE II, la. CRYSTALS OF THE ELEMENTS 


Element 

Name 

Ag 

Sliver 

Au 

Gold 

B 

Boron 


tetragonal 

B 

Boron 


hexagonal 

C 

Graphite 

C 

Diamond 

Ce 

Cerium 


cubic 

Ce 

Cerium 


hexagonal 

Co 

Cobalt 

Cu 

Copper 

Fe 

Iron 

LI 

Lithium 

LI 

Lithium (low) 

Pb 

Lead 

Po 

Polonium (high) 

Po 

Polonium (low) 

Rb 

Rub Idlum 

Se 

Selenium (black) 

SI 

Silicon 

SI 

Silicon (high) 

Tc 

Technetium 


(masurium) 

U 

Uranium 

U 

Uranium (y) 


Table Paragraph Literature 


(high) 

Tungsten (a) 


11 


11 


11 


11 

11 


11 

11 


11 

11 

11 

11 

11 


11 

11 


11 

11 


11 


11 


194 8, H&O 

1947,C; 1948,H&O 
194 9, NSAT 

194 9, NS&T 

1945, N&R; 194 6,G, 
1947, NAR; R&S; 

1949, HAW; H 

1944, K; R; 1947, L 
1949,L&T 

194 9, LAT 

1947, H&P 
194 6, R 

1948, T 

1 94 6, LAHR 
1947, B; 1948,BAT 
194 6, K 
194 6, B&M 

194 6, BAM 

194 6, HR&L 

1949, K 
1944, L&R 
1947, H, K&K 

1947, M; 1948, M 
1949, L 

1947,R; 1948, P&E; 

194 9, WAR 

1944,P; R 
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III. COMPOUNDS RX 


(Ill,e2). A structure has now been found for the 
yellow form of plumbous oxide, PbO. The most recent 
determination gives its tetramolecular orthorhombic cell 
the dimensions: 

a D = 5.476 A., b Q = 4.743 A., c Q = 5.876 A. 

(see also Table 111,17). 

Atoms have been placed in general positions of C^ 6 (Pba) : 

(a) xyz, x,y+-js,z; -g-x,y++,z; x+^,y,z 
with the parameters: 

For Pb: x = 0.014, y = 0.250, z = 0.230 


For 0: 


x = 0.150, y = 0.358, z = -0.111 


This leads to a structure (Figure III,21) in which 
each lead atom has three oxygen neighbors at distances 
of either 2.18 A. or 2.20 A. and in which the shortest 
0-0 separations are 2.61 A. 
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III. COMPOUNDS RX 


TETRAHEDRAL STRUCTURES 


(Ill,c3a). Structures have been determined for two 
more complicated modifications of silicon carbide, SiC. 
One of these is the a-V form whose unit cell has already 
been described (Table 111,14); the other also is rhombo- 
hedral with a still larger unit. Designating this as 
a-VII, the dimensions of the rhombohedral units of these 
two forms are: 


III 


For a-V: 
For a-VII 


Q = 42.763 A. , 


a Q = 72.907 A. , 


a = 4°7 ’ 
a = 2°25' 


These rhombohedra contain 17 and 29 molecules respectively 
The three times larger hexagonal cells, containing 51 and 
87 molecules, have the edges: 


For a-V: 
For a-VII 


t - 


o 


o 


= 3.095 A. , c 


t - 


t - 


= 3.073 A. , c 


o 


o 


= 129.03 A. 


? - 


= 218.657 A 


Atoms of both modifications are in the same set of 
hexagonal coordinates described in III,c3: 

OOu; 1/3,2/3,u+l/3; 2/3,1/3,u+2/3 

with the following parameters: 

Type a-V: Atoms in the 51 molecule cell have u(Si) =0, 
2/51, 6/51, 8/51, 12/51, 14/51, 18/51, 21/51, 24/51, 27/51, 
30/51, 33/51, 37/51, 39/51, 43/51, 45/51, 49/51 and u(C) = 
u(Si) + 1/68. 

Type a-VII: Atoms in the 87 molecule cell have 
u (Si) = 0, 2/87, 6/87, 8/87, 12/87, 14/87, 18/87, 20 '87, 
24/87, 26/87, 30/87, 33/87, 36/87, 39/87, 42/87, 45/87, 

48/87, 51/87, 54/87, 57/87, 61/87, 63/87, 67/87, 69/87, 

73/87, 75/87, 79/87, 81/87, 85/87 and u(C) =u(Si) +1/116. 
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III c 


list I vertlir°f Ure ? f P ara S ra P h IU.C3 is followed to 

of SiC ^ P r dls P lacemen ts for these two forms 
oi SiC, their sequences can be written: 


For a-V: 


For a-VII: 


0 , 2 , 0 , 1 , 

HOC 

0 , 2 , 0 , 1 , 

C H C C 

0 , 2 , 0 , 1 , 

HOC 

°,2,0,1, 

CHOC 

°, 2 , 0 , 1 , 

C H C C 


2 , 1 , 0 , 2 , 

H C C H 

2 , 1 , 0 , 1 , 

H C H C 

2 , 1 , 0 , 2 , 

H C C H 

2 , 1 , 0 , 2 , 

H C C H 

2 , 1 , 0 , 1 , 

H C H C 


For oc —V "t h * 

ated forms (HOC)sHC^HCC)g C£m ^ written 

For a-VI! it is (HOC) e HC (HOC) e 


O,1,2,1, 

C C H C 

2 , 0 , 2 , 1 , 

CHOC 

0 , 1 , 2 , 1 , 

C C H C 

0 , 1 , 2 , 1 , 

C C H C 

2,1,2,0, 

C H C C 


in the abbrevi- 


Reference back to ITT u 
the two re later) t-h u shows 

written: ^omb ohed ra 1 f orms 


that the sequences 

can similarly be 


for 


For a-I. 
For a-Vl: 


(hoc) 1 hc (hoc) x 
(hcc) 3 hc (hoc) 3 


Ch 


^ na P. IIT -- 

< S -PPle me ; t V eXt *««« 44 

to page 27) 



III. COMPOUNDS RX 


(ill,c4). The two compounds CdSb and ZnSb have a 
structure that is essentially intermetallic. Their 
orthorhombic units containing eight molecules each have 
the dimensions: 


For CdSb: 


For ZnSb: 


a Q ? 6.471 

A., 

b o 

= 8.253 

A. , c Q 

a Q = 6.218 

A., 

b o 

= 7.741 

A. , c Q 


= 8.526 A 


= 8.115 A 


Atoms have been found to be in general positions of 
Vh 1 5 (Pbca) : 

±(xyz; x+£,£-y,z; x,y+£,£-z; £-x,y,z+£) 


with the parameters: 


Atom 


For CdSb 


Sb 

0.136 

0.072 

0 . 108 

Cd 

.456 

. 119 

-.128 


For ZnSb 



Sb 

. 142 

.081 

. Ill 

Zn 

.461 

. 103 

-. 122 


This structure (Figure III,20) can be considered as a very 
deformed diamond arrangement in which each atom is tetra- 
hedrally surrounded by one of its own and three of the 
opposite kind. In CdSb, Cd - Cd = 2.99 A., Sb - Sb = 

2.81 A., and Cd - Sb = 2.80, 2.81 and 2.91 A. In ZnSb, 

Zn - Zn = 2.58 A., Sb - Sb = 2.81 A. and Zn - Sb = 2.66, 
2.69 and 2.74 A. 
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TABLE III, la. CRYSTALS OF THE COMPOSITION RX 


Crystal 

AmO 

AuCN 

CbC 

CdSb 

CeS 


Type 


Table 


Paragraph Literature 


CrB 

CrTe 

CuSe 

FeO 

FeS 


FeSn 

GdN 

a-KOH 

MnO 

MnP 


MoB 

ND 4 C1 

Nf^SCN 

NH 4 C1 

NaCN (high) 


NaC 1 NaC 1 

NaD NaC1 

NaH NaCl 

a-NaOH Til 

NIO (rhombohedral) 


NaCl 

IIIA,2a 

al 

AgCN 

17,17a 

— 

NaCl 

2a 

al 

CdSb 

— 

C4 

NaCl 

2a 

al 

— 

17a 

— — 

— 

17a 

— 

CuS 

17a 

h2 

NaCl 

2a 

al 

NIAs 

15a 

dl 

NIAs 

15a 

dl 

NaCl 

2a 

al 

Til 

17a 

11 

NaCl 

2a 

al 

MnP 

16 

d2 

— 

17a 


CsCl 

17a 

bl 

— 

— 

VI, a20 

CsCl 

17a 

111, bl 

- 

17a 

— 

NaCl 

2a 

al 

NaCl 

— 

• al 

NaCl 

— — 

al 

Til 

17a 

11 


NIO 

N1S 

N1S 

NISn 

NpN 


NaCl 

NIAs 

millerlte 

NIAs 

NaCl 


2a 


2a 

15a 

17a 

15a 

2a 


al 

dl 

hi 

dl 

al 


1949,Z 
1945, Z &S 
194 6,K&U; 

1948, A 

1949, Z 


1947, N&K 


1949, K; S 
194 6, Gffi 
1949,E 

1944, A&G 

1945, B; 1946,L; 
1947,B;L 

1947, N 

1948, E 

1947, E&S 

1946, E 
1943, F 

1947, K 

1942,V&H 

1942, V&H; 1948, T&L 
1 94 9, S 

1940, I&S 
1948,S,W,M&D 

1948, S, W, M&D 

1946, E 

1948, R 

1948, R 

1947, L 
1947, L 
1947,N 

1949, Z 


Chap. Ill, table page 10a 

(Supplement) 


WYCKOFF: CRYSTAL STRUCTURES 


TABLE Ill.la (2) 


Crystal 


Type 


Table 


NpO 

PbO (red) 

PbO (yellow) 

PdSn 

PuC 


PuN 
PuO 
PuS 
RhSn 
SIC (I) 


SIC (VI) 
SIC (VII) 


ue 


NaCl 

PbO 


NIAs 

NaCl 


NaC 1 
NaCl 
NaCl 
NIAs 
SIC 


SIC (VI) 
SIC (VII) 


NaCl 

NaCl 

NaCl 


NaCl 


NaCl 

NaCl 

NaCl 

NaCl 

NaCl 


NaCl 


ZnO 

SIC (I) 


2a 


Paragraph 

Literature 

al 

1949, Z 

el 

1945 ,B 

e2 

1943,B; 1945,B 

dl 

1947,N 

al 

1949,Z 

al 

1949, Z 

al 

1949,Z 

al 

194 9, Z 

dl 

1947,N 

c3 

1948, L 

C3 

1948,L 

c3 

1948, L 

c3a 

1945, ZAM; 1947, 
194 9, T 

c3 

194 7, Z&M 

c3a 

1947, R 

— 

194 9, K 

al 

194 6, K&U; 1947, 

al 

194 9, Z 

al 

1946,KAM; 1947,] 
1947, N&K 

al 

1948,L,G&C; r, b 

al 

1948, R,B, WAMD 

al 

1948, R, B, W&MD 

al 

1949,Z 

al 

194 7, N&K 

al 

194 6, E AB; 
1947.E&0; 1949, 

al 

194 6, E AB 

— 

1947, K 


194 7, M; 1947, N&K 
1943,LAM 
1948, F&P 
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TABLE III,2a. CRYSTALS WITH THE NaCl ARRANGEMENT. 


Crystal 

a o 

AmO 

(a) 

4.96 A. 

CbC 


4.45 84 

CeS 


5.778 

FeO 

(b) 

— — 

GdN 


4.99 

MnO 

(O 

4 .44 

NaCl 


5.62779 (18° 

N10 

(d) 

4. 194 6 (275° 

NpN 


4.897 

NpO 


5.01 

PuC 


4.920 

PuN 


4 . 905 

PuO 


4 . 959 

PuS 


5.536 

TaC 


4.4442 

ThS 


5.682 

T 1C 


4.3186 

uc 


4 .995 (4.951) 

UN 


4.880 

UO 


4 . 92 

US 


5.4 84 

VC 


4 . 1 65 

VN 


4.128 

VO 


4.08 

ZrC 


a R n 'z d 


C. ) 

c. ) 


(a) 

(b) 

(c) 

(d) 


Purity uncertain 
On Fe 3 0 4 



4.2774 A.i on Fe boundary, 


a 0 = 4.3108 A. 

A measurement on native manganosite. 

At room temperature the structure of NiO is reported 
to be a very slight rhombohedral distortion of an 
NaCl arrangement with a Q = 2.9518 A. a 

-183 C. it is rhombohedral with a Q = 2.946A. 
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TABLE III,15a. CRYSTALS WITH THE NiAs ARRANGEMENT 


(b) 


Crystal 


FeS 

(a) 

3.438 A. 

5.880 A 

FeSn 

(Y) (b) 

4.230 

5.208 

N1S 

(high)(c) 

3.428 

5.340 

NISn 

(d) 

4.048 

5.123 

PdSn 

(e) 

4.378 

5. 627 

RhSn 

(f) 

4.340 

5.555 


(a) A pyrrhotite. 


yrrhotite. For a troilite, a Q = 5.022 A., 
11.748 A. A different superlattice with 


a o 0.87 A., c Q 22.7 A. has been found for 
a pyrrhotite. Cell dimensions on 30 others are 
sometimes hexagonal, sometimes monoclinic. 

For Fe-rich sample quenched from 850° C.; for 
Sn-rich sample, a = 4.233 A., c = 5.213 A. 


(c) For Ni-rich 


c 0 = 5.213 A. 


sample; for S-rich sample, a Q = 3.420 


A., 


c Q = 5.315 A. 


(d) 42 at % Sn ; for 38 at % Sn s ampl e, a Q = 4.145 A., 


c Q = 5.213 A. 
(e) 36 - 42 at % Sn. 

( f ) 40 at % Sn. 
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(IV, a3). Hydrazine hydrochloride, N 2 H e Cl 2 , has a 
tetramolecular unit cube of the edge length: 


a Q = 7.87 A. 

Nitrogen and chlorine atoms are in the following special 
positions of T^ 8 (Pa3): 

- (uuu; u+£,£-u,u; u,u+-^,^-u; ^-u,u,u+^) 

with u(N) = 0.052 and u(Cl) = 0.279. 

This structure (Figure IY,4l) is a CaF 2 arrangement 
(lV,al) in which the centers of the N 2 H e ions replace 
calcium ions and the Cl' ions are slightly displaced, 
presumably because of the dumb-bell shape of the cations, 
from the F' positions of fluorite. The N - N distance 
within the N 2 H 0 ion is 1.42 A. Each N atom has four Cl' 
neighbors at distances of 3.10 A. 

(lV,a4). The oxysulfide of zirconium, ZrOS, has a 
structure that is an extreme distortion of the CaF 2 
grouping. It is cubic with a tetramolecular unit having: 

a Q = 5.696 A. 

All atoms are in special positions (a) of T 4 (P2i3): 


uuu; 


u+ 15,15-u,u; £-u,u, u+^; u,u+^,^-u 


with u(Zr) = 0.307, u(S) = 0.572 and u (0) = 0.928. In 
this arrangement (Figure 42) each zirconium atom has foui 
sulfur neighbors at Zr - S = 2.61 A. and 2.63 A. as well 


as three oxygen neighbors at 2.13 
and S - 0 separations are 3.59 A. 

iy. 


A. The shortest S - S 
and 2.96 A., respective 
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(lV,b5). Besides the previously investigated rutile 
(lV,bl) and brookite-like (lV,b4) structures for Te0 2 , 
another tetragonal form has now been described. It is not 
as might have been expected, like anatase but has a dif¬ 
ferently shaped tetramolecular cell with: 


q 4. 796 A. , 


c Q = 7.594 A. 


Atorrio have been found "to be in file following positions 

D 4 . (P4i.2i2) [or in the corresponding positions of the 

enantiomorphic D 4 ] : 


U+ Ai; a+^,^-u,§, 


of 



Ti: 

(a) 

uuO; 

a, 

a, 

1 . 1 

with u 

= 0. 

,030. 






0 : 

(b) 

xyz; 

x, 

y» 

z+ i ; 




yxz; 

y, 

x, 

Az; 

with x 

= 0. 

177, 

y = 0, 

.22 7, 

z = 


1 1 


1 1 


z+f; 


(IV,b 6 ). Mo Lybdenum dioxide, Mo0 2 ., and the 
isomorphous W0 2 apparently are not tetragonal with the 
cassiterite structure (lV,bl) as previously thought 
Instead they are monoclinic with the tetramolecular cells: 


For Mods: a = 5.610 A., b 


0 


For W02 : a Q = 5.560 A., b„ = 


0 


- 4.843 A., c Q = 5.526 A., (3 = 119°37' 
4.884 A., C Q = 5.546 A. , 3 = 118 0 56' 


oms in general 


The space group is C 2 2 (P2 1 ) with all at 
posit ions: 

(a) xyz; x,y+^, z 

Molybdenum atoms could be given the accurate parameters 

stated in Table IV,27; the oxygen parameters of this table 

6 An satisfactory atomic separations and are compatible 

with the X-ray data. This structure (Figure IV, 43 ) is a 

deformed cassiterite arrangement and like the simple 

grouping is built up of Mo0 2 octahedra sharing edges to 

orm strings throughout the crystal. The deformation is 

however, such as to bring molybdenum atoms as close as ’ 

2.48 A to one another. Mo - 0 distances in an octahedron 
are between 1.9 A. and 2.1 A . ° n 
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(rv, c8). The compound CdBrI appears as a separate 
phase midway between CdBr 2 and Cdl 2 . It has rhombohedral 
symmetry with a unit cell more complicated than that for 
CdCl 2 . It contains two molecules and has the dimensions: 


a Q = 13.46 A. , a = 17°34 f . 


The cadmium atoms are in 000; 


111 


and the halogen atoms 


are in +(uuu). The structure has, however, proved so 
imperfect that it could not be determined whether or not 
the halogens are distributed in orderly fashion through 
these positions. If the distribution is haphazard, as 
may be the case, the (Br,l) atoms are in two sets of 
1 (uuu) , with u = 0.125 and u f = 0.29. 


(lV,c9). Hydroxyl ammonium chloride, NH 3 0HC1, 
the corresponding bromide, NH 3 0HBr, are monoclinic 
tetramolecular units of the dimensions: 


and 

with 


For NH 3 0HC1: a Q = 6.96 A., b Q = 5.95 A., c Q = 7.69 A., 0 = 120°48' 
For NH 3 OHBr: a Q = 7.29 A., b Q = 6.13 A., c Q = 8.04 A., (3 = 120°48' 

All atoms have been placed in general positions of 

C 2h 6 (P2i/c) : 

t (xyz; x,y+p,75-z) , 
with parameters for the chloride: 


N: 

(e), 

with 

X = 0.283, 

y = 0.664, 

z = 0.222 

OH: 

(e), 

with 

x = 0.253, 

y = 0.870, 

z = 0.106 

Cl: 

(e), 

with 

x = 0.233, 

y = 0.190, 

z = 0.395. 


This is a layer structure (Figure IV,44) in which N - 0 = 

1.45 A. and in which each nitrogen atom has four chlorine 

neighbors at distances between 3.17 A. and 3.26 A. An 

oxygen atom has two close chlorine neighbors at 2.99 A. 

and o.05 A. while the smallest Cl — Cl separation is 
3. 92 A. 
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(IV,clO). Hydrazine hydrofluoride , N 2 H a F 2 , has a 
structure of lower symmetry than that of the chloride, 

N 2 H 0 C1 2 , (IV,a3). It is hexagonal with a unimolecular 
rhombohedral unit of the dimensions: 

a Q = 5.43 A., a = 18°10\ 


The corresponding trimolecular, 
has the edges: 


hexagonal, pseudo-cell 


a o’ " 4 - 43 A., c c ’ = 14.37 A. 

Atoms of nitrogen and fluorine are in special positions 
of d 3 £ 6 (R3m); 

(c) +(uuu) [using rhombohedral axes], 

with u(F) = 0.2435 and u(N) = 0.0495. 

This structure (Figure IV,45) bears the same sort of 
relation to the CdCl 2 arrangement (lV,c2) that the chloride 
does to CaF 2 . Its more elongated unit results from the 

0f> the.elongated N 2 H e radical for the cadmium 
, T CdC1 2 . As in CdCl 2 the cations (in this case 

2 ® ] are at the centers of octahedra joined together 

irt aC ^ d ° ne ab ° Ve another in the face centered 

subst«n+- f’ ); bUt whereas in CdCl 2 , the anions are in 

substantial contact throughout the crystal, the long N 2 H e 

«.-• P revent such uninterrupted anion contacts in N 2 H e F 2 . 

....., in an oct ahedral layer the closest F - F = 3 38 A 

as that a f 2H , a r di ri’ the , N - N = x - 42 a - - 

as that found for N 2 H e Cl 2 (lV,a4). The short distances 

bespeak the F at ° mS ’ 2 * 62 A * and 2 * 80 A., undoubtedly 
bespeak the existence of hydrogen-bonds between them! 
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LOW SYMMETRY PACKED STRUCTURES 


(IV, dla). Two more examples have been found of the 
diaspore, a-AlO(OH), structure These are groutite, 
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LOW SYMMETRY PACKED STRUCTURES 


IV 


(lV,d3a) . 
additional crys 
in the sequence 

For PbF 0 : a_ = 


Parameters have been found for three 
tals having the PbCl 2 structure. With 
Pbnm, the cell dimensions are: 


For ThSo: 


For CooP: 


7.648 A. , b 


6.441 A., c 0 = 3.897 A 


8.617 A., b Q = 7.263 A., c Q = 4.267 A. 
6. 638 - 6. 682 A. , b Q = 5. 670 - 5. 751 A. , 


= 3.520 - 3. 


A., depending on the content 
of phosphorus. 


The parameters chosen for the atoms in these crystals 


At om 

u 

V 


For a-PbF 2 


Pb 

-0.103 

0. 244 

F(l) 

-.085 

-. 142 

F(2) 

. 314 

-.051 


For ThS 2 


Th 

-. 125 

. 250 

S(l) 

-.068 

-. 150 

S(2) 

.320 

-. 035 


For Co 2 P 


P 

g a 

-. 100 

. 250 

Co (1) 

§ x 

-. 070 

-. 138 

Co (2) 

• 333 

-. 030 


These parameters are essentially the sa 

for PbCl 2 (Table IV, ll) with opposite s 
X-coordinates. 


those found 
for the 
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linearly coordinated structures 


(IV,f 2 a). 

tetramoleculs 


The structure of CuZnAs 
unit having the edge: 


a o = 5.872 A. 


a-U t CO nsidered to b e like that assigned to 
Ag 2 Te which placed the metalloid and half the metallic 

? J rran ^ ement end the rest of the metal atoms 
a haphazard distribution among some of the AOO; F. C. 

F * C ;, P ° S i ti0nS ' F ° r CuZnAs ’ th ® As atoms have 

Cu atSms ^ 5 • *’ the Zn at0n,S in F *C. and the 

Cu atoms m the irregular distribution. 

has ^ S hi f h be m P erature form of Cu 2 Se (stable above HO°C 

a? IvX ££ t0 °* ItS ° UbiC 0611 haS a o " 5. 840 A. 

dos it inns - + u a ° pper and the selenium atoms have the ZnS 
positions with the second copper atom in irregular 

distribution. For the similar high Cu, a „S a = <=s A 

a ? a Sio ^structure stable for C Ul ..sS; for it 
f° aoinf 9 *:. a * room temperature. A superlattice on the 

described as tetragonal. Thus for g-Cu,.„Se, a Q > 11.49 A. J 

at 103° C *’ 6 rans ition at this compos it ion occurring! 


Atom^ofbfh d H ta have deen S iven on the cuprous sulfides 
Atoms of the hexagonal, high temperature, form of Cu.S 

Z* (C6 e /lc°°r luaed t0 be in the f0ll0Wi;g 

Cu (l) : (b) + ( 0 O 5 ) ; 

Cu( 2 ): (d) + (1/3, 2/3, 3/4) ; 

S: (°) ± (1/3, 2/3,1/4). 
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A new space group (Cmm) has 
room temperature, orthorhombic form 
sions of its pseudo-cell are: 


been chosen for the 
of Cu 2 S. The dimen 


= 3. 94 A., 


= 6. 75 A. , 


c Q = 6.70 A. 


In contrast to the data on rickardite (Table IV,26a) 
an hexagonal structure has been given to the form of 
Cu 2 Te which presumably is analogous to the high tempera¬ 
ture modification of Cu 2 S. Its bimolecular cell has the 
dimensions: 


q 4•237 A. , 


0 =4.198 A., 


7.274 A., at 33.1 atomic % Te 
7.240 A., at 35 atomic ^ Te. 


Unlike the structure that has 
however, atoms have been said 
positions of D^ 1 (C6/mmm) : 


been given the high-sulfid 
to be in the following 


(e) t(00u), with u = 0.306 

(h) +(1/3,2/3, v; 2/3, 1/3, v), with v = 0.160 
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MISCELLANEOUS STRUCTURES 

(IV,i4). Cupric bromide, CuBr 2 , and the isomorphous 
chloride, CuCl 2 , form monoclinic crystals with the 
bimolecular units: 

For CuBr 2 : a Q = 7 .14 A., b Q = 3.46 A., c Q = 7.18 A., 3 = 121°15' 
For CuCl 2 : a Q = 6.70 A., b Q = 3.30 A., c Q = 6.85 A. , 3 = 121° . 

The observed structure is described by placing the atoms 
m the following positions of C Ph 3 (A 2 /m) : 


Cu: 

Br or Cl: 


0 , 4 , 0 ; 0,0,4 

± (uOv; u,4, v+4) 


For the bromide, u = 0.240, v = 0.015. 
the parameters, after an exchange of a 
displacement of the origin through gb 
description, are u = ca 5 and v = ca 0 . 


For the chloride, 
and c axes and a 
of the original 


This 
somewhat 
atom 


suits in a structure 
lated to that of PdCl 


gure IV 


four halogen neighbors at the 


i 2 


but the arrangement of these squares with 
other is different in the copper and t 


corne 


which is 
Each metallic 
of a square 


pect to one 


ha 1 i de s 


In CuBr 2 , each bromine at 


palladium 


__p , - * — — w v>wOm occupies ci corner 

Of two squares which are thus linked into chains having 

their axes along the b-axis of the crystal. Each coppfr 

four bromine neighbors at a distance of 2.40 A. 


c orner 


the 
atom 


Within a chain the shortest 
between chains it is 3.30 


Br s 


ion is 3.46 A 
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TABLE 

IV,la. 

CRYSTALS OF 

THE COMPOSITION RX 2 

Crystal 

Type 

Table 

Paragraph 

Literature 

AcOBr 

PbFCl 

IV,13a 

dll 

194 9, Z 

AcOCl 

PbFCl 

13a 

dll 

194 9, Z 

Ac OF 

CaF 2 

2a 

£l 

1949, Z 

a-AlO(OK) 

AlO(OH) 

— — 

dl,dla 

1945, G 

dlaspore 

Y-AIO(OH) 

FeO (OH) 

— 

d9,d9a 

1 94 6, R&Y 

boehmlte 

Am0 2 

CaF 2 

2a 

al 

1948, Z; 1949, Z 

AuPb 2 

Al 2 Cu 

24 a 

h4 

1943, W 

BaCl 2 (II) 

C aF q 

2a 

al 

1948, V 

BeF 2 

a-quartz 

26a 

e2 

1 944, N, L, S&Z 

CdBr 2 

“ “ 

26a 

c4 

1 942, H&L; H, K&L 

CdBrI 

— 

— 

c 8 

1942, H&L; H, K&L 

CdBr 0 . e (OH) ^ . 4 

CdC 1 2 

26a 

c2 

1945,F 

Cdl 2 

— 

26a 

— 

1942, H, K&L; 

Cdl 0 . 5 (OH) i. 5 

— 

26a 

C4 

1943,H&H 

1945, F 

Co 2 N 


2 6a 

— 

1 945 , J&S 

C0 2 P 

PbCl 2 

— — 

d3a 

1947, N 

(Co,N1, Fe)S 2 

FeS 2 

19a 

g2 

1945, K; K, H&K 

cattlerlte 

CrB 2 

— 

26a 

— 

1949, K 

CrSb 2 

FeAs 2 

21a 

hi 

1943, H&R 

CuBr 2 

CuBr 2 

— 

14 

1947, H 

CuCl 2 

CuBr 2 

— 

14 

1947,W 

Cu 2 S 

— — 

— 

f2a 

1944,0 

chalcoclte 

Cu? S (high) 

— 

— 

f2a 

194 6, B&B; B 

Cu 2 Se 

—— 

— 

f2a 

1945,B 

Ci^Te 

Fe 2 As 

2 6a 

h3a 

1946,N: 1949.F&P 

r1c kard lte 
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TABLE IV,la (2) 


Crystal 


Type 


Table Paragraph Literature 


Cu 2 Te (high?) 
CuZnAs 

D 2 0 (-185° C. ) 

D 2 S 

D 2 Se 


FeGe 2 
F e S 2 
pyrIte 
FeSn 2 
FeTe 2 

frohbergite 
H 2 0 (-185° c. 


H 2 0 (cubic) 

a-l^s 

(3-H 2 Se 

Hg (CN) 2 
IrSn 2 


a-KCeF* 

a-KLaF* 

a-I^ThFe 

UF e 

LaOF 


L1 3 A1N 2 

Ll 3 GaN 2 

LlMgN 

LIZnN 

MgC 2 


A1 2 Cu 
F e S 2 

A1 2 Cu 

FeAs 2 


CaF. 


— “ 

f2a 

1946, N 


— 

f2a 

1946,N 


— 

— 

1942, V&H 

26a 

g4 

1942, H; 

1943, V 

26a 

g4 

1942, H; 

1943,V 

24 a 

h4 

1943, W 


19a 

g2 

1942, N; 
K, H&K 

1945, K 

24a 

h4 

1943, W 


21a 

hi 

194 6,T 


26a 

— 

1942, V&H 
194 9, W, 

[; 1947 

D&S . 

2 6a 

— 

1942, K; 

1944,K 

26a 

g4 

1942, h; 

1943, V 

26a 

g4 

1942, H; 

1943, V 

— 

fl 

1944, Z&S 


2a 

al 

1947, N 


2a 

— — 

1949, Z 


2a 

— 

1949, Z 


2a 

— — 

1949, Z 


2a 

— 

1949, Z 


2 


1943,C 


2a 

—— 

194 6, J&H 


2a 

— 

194 6, J&H 


2a 

— 

194 6, J&H 


2a 

— 

194 6, J&H 


2 6a 

gl 

1943,b;r 
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IV. COMPOUNDS RX 2 


Crystal 

Type 

TABLE IV 

Table 

.la (3) 

Paragraph 

Literature 

Mg(0H)C1 

CdCl 2 

2 6a 

C2 

1944, F&H 

Mg(OH,Cl) 2 

Cd (0H) 2 

— 

— 

1944, F&H 

Mn0 2 

Sn0 2 

26a 

bl 

1947, C, W&W; 

y-Mn0 2 

A10(OH) 

_ _ 

dl,dla 

194 9, B&H; M&K 
1949,B 

ramsdelllte 

a-MnO(OH) 

A10 (OH) 

— 

dl,dla 

1947, G; 1949, C&L 

groutlte 

Mn (0H) 2 

Cd(OH) 2 

— — 

— M 

1936,E 

pyrochrolte 

MnSn 2 

A1 2 Cu 

24 a 

h4 

1947, N 

Mo 2 B 

— 

26a 

— 

1947, K 

Mo 2 C 

— 

26a 

— 

1947, N&K 

Mo0 2 


27 

b 6 

1944, H&M; 1946, M 

NH 2 (OH)Br 

—. _ 

- - 

c 9 

1947, J 

NH 2 (0H)C1 

— 

— 

c 9 

1947, J 

n 2 H e Cl 2 

— 

— 

a3 

I; 1947,D&L 

N 2 ^6 ^2 

— 

— 

c 10 

1942, K&H 

n 2 o 4 



J la 

194 9, B&R 

NaAlSl 4 

CaC 2 

26a 

gl 

1947,N &S 

a-Na 2 ThF 0 

CaF 2 

2a 

— 

1949, Z 

a-Na 2 UF 0 

Ca F 2 

2a 

— 

194 9, Z 

NdOBr 

PbFCl 

13a 

dll 

1949, Z 

NdOCl 

PbFCl 

13a 

dll 

1949, Z 

N1As 2 

FeAs 2 

21a 

hi 

194 6, K 

ranine lsberglte 

N1(OH)Cl 

CdCl 2 

26a 

c2 

1936, F&C; 


N1S 2 FeS 2 19a g2 1947, L 

(Nl,Fe,Co)S 2 FeS 2 19a g2 1945, K; K, H&K 

vaeslte 

NISbS FeS 2 19a g3 1948, P&H 
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Crystal 


NlTe 2 
me Ionite 

Np0 2 
Up OS 
Pa0 2 
3-Pt)F 2 


«-PbF 2 

PbI 2 (I) 

Pbl 2 (II) 

Pb0 2 

PdPb 2 


PrOCl 

PtSn 2 

Pu0 2 

PuOBr 

PuOCl 


Type 


CaF 2 

PbFCl 

CaF 2 

CaF 2 


PbCl 2 

Cd(OH) 2 
CdCl 2 
Sn0 2 
A1 2 Cu 


PbFCl 

CaF 2 

CaF 2 

PbFCl 

PbFCl 


PuOF Cc 

PuOI Pt 

RhPb 2 A] 

Si0 2 

(low crlstoballte) 

S10 2 

(quartz) 


Ca F 2 

PbFCl 

A1 2 Cu 


TABLE IV,la (4) 

Table Paragraph Literature 


26a 


1946, P<ST 

2a 

al 

1948,Z; 194 

13a 

dll 

1949, Z 

2a 

al 

1949, Z 

2a 

al 

1947, B 

— 

d3a 

1947,B 

26a 

cl 

1943, P, T&N 

26a 

c2 

1943, P, T&N 

26a 

bl 

1945,B 

24a 

h4 

1943, W 

13a 

dll 

1949,Z 

2a 

al 

1947, N 

2a 

al 

1948, Z; 1949 

13a 

dll 

1949,Z 

13a 

dll 

1949, Z 

2a 

al 

1949, Z 

13a 

dll 

1949, Z 

24a 

h4 

1943,W 

26a 

e 6 

1944,J 


1948,b; B&F 


SrCl 2 
Ta 2 B (3) 
Te 0 2 (y) 
Th0 2 
ThOS 


CaF 2 

Al 2 Cu 

CaF 2 

PbFCl 


2a 

24a 


2a 

13a 


al 

h4 

b5 

al 

dll 


194 6, C&B 
1949, K 
1948, S<SB 

1948, Z 

1949, Z 
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IV 


COMPOUNDS RX 2 


TABLE IV,la 


Crystal 

Type 

Tab le 

Paragraph 

Literature 

ThS 2 

PbCl 2 

— 

d3a 

1949, Z 

T1B 2 

A1B 2 

26a 

c 6 

1949, Z 

tici 2 

Cd (OH) 2 

2 6a 

cl 

1948, B&R 

UC 2 

CaC 2 

26a 

gl 

1948, L, G&C; 
R,B, W&MD 

UHg 2 

A1B 2 (?) 

26a 

c 6 

194 9, R&W 

un 2 

CaF 2 

2a 

al 

1948, R, B, W&MD 

U0 2 

CaF 2 

2a 

al 

1948, Z; 1948, 
W&MD 

(uo 2 )f 2 

— 

— 

V,c6 

194 8, Z 

UOS 

Pb FC1 

13a 

IV,dll 

194 9, Z 

3-usi 2 

A1B 2 

26a 

c 6 

1949, Z 

w 2 b (y) 

— 

26a 


1947, K 

wo 2 

— 

— 

b 6 

1944,H&M; 194 

ws 2 

MoS 2 

— 

c7 

1948, G, S&K 

WSe 2 

MoS 2 

26a 

c7 

194 8, G, S&K 

Y0C1 

PbFCl 

13a 

dll 

1949, Z 

ZnBr 2 

CdCl 2 

2 6a 

c2 

1942, Y 

Znl 2 (I) 

Cd (0H) 2 

2 6a 

cl 

1942,Y 

Znl 2 (II) 

CdCl 2 

26a 

c2 

1946, P, T&N 

ZrOS 

— 

— 

a4 

194 8, MC, B &B 
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C S upp1e me n t ) 



IV. COMPOUNDS RX 2 




TABLE IV, 26a. MISCELLANEOUS RX 2 COMPOUNDS 


wyckoff: crystal structures 


CD 


CO to 

Q & 


bO 


o> 


I C\2 




^ CD ^ ^ | 


to 




CGl 


I I 


I I 


I I 






o 

CD 

CD 

CD 

LO 


to 

CD 

rH 

CV2 

LO 

CD | 

to 

O 

• 

• 

• 

c^ 1 

• 

• 

LO 

CD 



to 


Cv2 


CD 




CD 


r- 

LO 

LO 


CD 

to 

to 


to 

CO 

£> 


• 

• 

• 

• 

• 

LO 

£> 

r—i 

(X? 






cd 


^ w to to 


C\2 

s 

m 

Cd 

CD 

05 

• 

CD 

05 

• 

CN2 

• 

£ 

05 

£ 

CD 

to 

Z> 

05 

t> 

3 

O 

CD 

CD 

CD 

to 

CD 

05 

to 

to 

5$ 

C\2 

^-< 

o 

CV2 

CV2 

to 

LO 

LO 

• 

• 

CD 

LO 

• 

CD 

• 

• 

to 

• 

• 

LO 

• 

to 


T3 


o 


CL) 


<v-« 


cd 


>> 

G 

t—S 

cd 

G 

r —f 

a 

r—i 

a 

i—I 

cd 

c 

r—i 

cd 

G 

I 

,G 

r~i 

cd 

cz; 

4-5 

O 

o 

o 

o 

o 


o 

CD 

bO 

bO 

bO 

bO 

bO 

o 

bO 

e 

cd 

cd 

cd 

cd 

cd 

xc 

cd 
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X 

X 

X 

X 

4-5 

X 

CO 

CD 

pc 

CD 

PP 

CD 

PC 

05 

pc 

:S 

& 

CD 

PC 


bO 


O 

o 

bO 

cd 

CD 

CD 

m * 

*•—1 

cd 

•r—4 

«r—1 


& 


X 

5=) 

,o 

X5 

G 

G 

CD 

G 

G 

P3 

O 

O 

PC 

O 

CJ> 

O 


i—1 

cd 

cd 

i—1 

cd 

G 

G 

cd 

G 

O 

o 

G 

o 

bO 

bO 

O 

bO 

cd 

cd 

bO 

cd 

G 

G 

cd 

X 

4-5 

4-5 

X 

CD 

CD 

CD 

CD 

PC 

E-< 

E-h 

PC 


10 


o 


cd 


o 


o 


CD 


lO 


CM 


o o 


Chap 


CD 
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CD 

CO CO 

CN CM 


O 


OQ CJ) 

cS 4 cS 4 




COMPOUNDS RX 


50 


o O 

II II 


o 


II 


o 


CD 



IO 

CV2 

• 

O 


II 


3 

C\2 

O 

O 


to 


Wtow 




^ CV2 


to 


^ w 

I I 


I I 


I I 


eg 
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0 

0 

0 

• 

CD 

CD 

• 

10 

CD 

C\2 

A 

O 

CD 


CD 

t> 

to 

C\2 

CD 

H 

05 


£> 

CO 
*—< 

IO 

• 

CD 

• 

O 

C\2 

• 

to 

• 

CO 


a 


eg 


^ 10 in to 


i : 


^ C\2 


I 


CD 


lO 


C\2 


to 




to to 


^ ^ ^ 






8 

• 

^ a 

CD 

IO 

• 

V. " 

LO 

• 

CD 

05 

A 

CO 

CO 

to 

05 

CV2 


to 

C\2 

m 

CV2 

to 

to 

to 


to 

• 

to 

• 

to 

• 

CO 

• 

• 


o 


>> 

g 

cd 

g 

0 

50 

r-H 

cd 

g 

0 

H 

cd 

G 

0 

CD 

cd 

50 

50 

5 

t-4 

cd 

cd 


4-3 

X 

X 

co 

CD 

EC 

£ 


cd 


H 

r—i 

cd 

r-H 

r-H 

r-H 

§ 

50 

cd 

G 

O 

a a 

a 

0 

§ 

50 

cd 

g 

a 

0 

a 

0 

cd 

50 

50 

cd 

50 

50 

50 

M 

cd 

a j 

cd 

G 

cd 

cd 

cd 

4—> 

X 

X 

4-5 

X 

X 

X 

CD 

e- 

CD 

CD 

EC 

C15 

E-* 

CD 

EC 

CD 

EC 

£ 


CM 

CO 


o 


cd 


co 


cd 


CM CSC 


CC ex 


CM 


CO 


CM 

CM bp 

O EnJ 
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WYCKOFF: CRYSTAL STRUCTURES 


CO 


cd 

CO 

CM 


W 

X 

CQ 

< 

E- 


cd 

u 

3 

CJ 

3 

u 

CO 

CM 

u 

CO 

CJ 

<D 


<D 

> 

co 


o 

c 

co 

<D 

O 

x 

CM 

CJ 

tUD 


>> 

x 

co 

<D 

C 

o 


CUD 

c 


o 

u 

u 


c 

o 


CO 

E 


X 

3 

CO 


c 

o 


o 

CO 

E 

o 


X! 

<D 

c 

• »4 

CO 

JO 

o 

CO 

CO 

£ 


CM 


C 

CD 

> 


<D 





u 

bC 


co 

3 



co 

4~> 

CO 


X 

CJ 




3 



• 

u. 

CD 


U 

■*-> 




CO 

a 


o 


E 


o 

co 

co 


oo 

o 

CO 


1 

- 




> 

CO 


4-1 

HH 

• *H 


CO 


JO 



CD 

4-» 


SC 

> 



O 

CO 

V*-. 


CO 


o 


sc 




u 


c 



—4 

o 


E 

CD 



o 

E 

4-4 


u 


•-4 



E 

CO 



O 

O 


u 

u 

a 


O 
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u 

CJ 


E 
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OO 
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X 



CM 
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3 
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SC 
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CJ 
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CUD 
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CO 
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O 

CO 
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CO 

/-s 


• 

>> 

SC 
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CO 

a 


hH 


• 

X 


XI 
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O 

C 
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CO 
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CO 

05 

co 

<u 


as 
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u. 

CO 

• 

JO 
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o 

o 
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U 

CM 

a. 

CM 

3 

O 


HH 

u 

JO 

CO 

X 

4-j 

cu 

co 

u 

CO 


X 

0) 

CJ 

3 

X 
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U 
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C 
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a 

E 
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E 
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CO 

SC 

O 

CO 

SC 

U 

E 

O 


CM 

SC 


c 

co 


E 

E 

ro 


<D 

C 

o 


•a 

<D 

c 

co 



CD 


CD 


C/5 


C/5 

E 

o 

*-* 

co 


CM 

3 

CJ 


CO 

cj 


E 
E 

co 

£ II 

O 

—« X 

CD 


£ 

CD 


CJ 

3 


co 




CO 


a> 


C/5 

6 

O 

CO 

oj 

H 


X 

CD 


C/5 

C 

O 


CO 

O 

a 

CD 


CO 



II 



CO 

• 

• 

CO 

CO 

c 

• ^4 

co 

o 


X 

CJ 

CO 




c 

CO 

Q 

o 

•-4 

•» 

. w-4 


& 

4_l 

u 

•* 

CJ 

O 

05 

co 

a 


lx 

co 

05 

Ux 

> 


Hx 


CD 

•H 

X 

►—c 

CJ 



C 

c 


<D 

o 

• 

u 

lx 

U 

CD 

4-J 

o 

«4h 

3 

a 

CD 

CD 

co 


C 

> 

• a 

o 

• 

o 

CM 

CO 


SC 

3 

CO 


O 

E 

‘-*-1 

XD 

lx 

o 

a 

0/ 


lx 

4-4 

c 

o 


o 

E 

c 

•*■4 

co 

••H 


co 

<D 

CO 

CO 

X 

C 

C 


O 

CD 

O 

• w 

X 

4-4 

4-4 

C 


•■H 

o 

X 

CO 

CJ 

--4 

O 


CO 

a 

X 

CO 


•P-4 


c 

a 

CO 

(D 

co 

- »H 

CUD 

lx 


O 


CD 

lx 

>» 

cj 

X 

«—1 

• x4 

>» 

CD 


XU 

4-4 

CD 


CO 

X 

«D 

lx 

4-4 

•—4 

CD 


X 

X 

>> 

•tH 

O 

H 

CO 

E 

X 

CO 


• *H 

O 

a/ 

u. 

a 

X 

CO 


4-* 

lx 

<-*x 

>> 

>» 

o 

XI 

lx 

c 


CD 

o 

X 

> 

•P4 

<D 


CO 

C 

X 

CO 


CD 

3 

co 

co 

CJ 

4-4 

C 

CO 

X 

<D 

• p-4 

O 

X 

X 


CO 

03 


CJ 

O 


CO X 


co 


co 


CO 


CD 


60 


O 


bfl 


CO 


a 


** <D 


CO 


C 



CD 

• <H 

bD 

4-4 

4-4 

X 


3 

•-4 

lx 

jC 

O 

c 

o 


X 

o 

o 

(D 

4-4 

—4 

CJ 

•C 

- -4 

<D 

< 


£ 

s 


CO 


CD 


bfl 


Chap. IV, table page 44 

(Supplement ) 


unit has only half the necessary height and the assigned space group is the 
lower symmetry D 3d 3 (C3m). 

Ittis thought probable that in Mg(OH)Cl, and also in Ni(OH)Cl, the chlorine and 
hydroxyl are statistically distributed about positions (c). 


IV. COMPOUNDS RX 


TABLE IV,27 


PARAMETERS OF THE ATOMS IN MoO 


(IV,b6) 


Atom 

X 

y 

Z 

Mo(l) 

-0.035 

0.500 

0.232 

Mo (2) 

.465 

i 000 

.232 

0(1) 

-.16 

00 

tH 

• 

.39 

0(2) 

. 12 

-.22 

.11 

0(3) 

.34 

.28 

.39 

0(4) 

. 62 

-.30 

. 11 
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IV. COMPOUNDS RX 



TABLE IV, 13a. 


Crystal 


CRYSTALS WITH THE TETRAGONAL PbFCl 
ARRANGEMENT (IV , d11) . 

u(metal) u(halogen) 


AcOBr 

4.29 A. 

7.42 A. 

— 

— — 

AcOCl 

4.25 

• 

o 

CD 

— 

— 

NdOBr 

4. 017 

7. 619 

.16 

. 64 

NdOCl 

4.04 

6.77 

OD 

r—\ 

• 

. 64 

NpOS 

3. 825 

6. 654 

.200 

. 638 

PrOCl 

4.053 

6. 799 

• 

CD 

. 64 

PuOBr 

4.022 

7.571 

.16 

. 64 

PuOCl 

4. 012 

6. 792 

• 

CD 

. 64 

PuOI 

4.042 

9. 169 

.13 

. 67 

ThOS 

3. 963 

6.74 6 

.200 

. 647 

UOS 

3. 843 

6. 694 

.200 

. 638 

YOC1 

3.900 

6. 604 

. 18 

. 64 
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IV. COMPOUNDS RX 2 


TABLE IV,2la. 


CRYSTALS WITH THE ORTHORHOMBIC FeAs 2 
STRUCTURE (IV,hi). 


Crystal 


CrSb 2 

FeTe 2 

frohberglte 


3.271 A 
3. 86 


N1As 2 3.54 

r amine lsberg lte 


6. 019 A. 6. 861 A 


5.29 


6.27 


4. 79 


5. 79 


.215 


.370 


Chap. IV, table page 49 
(Supplement to page 37) 




IV. COMPOUNDS RX 


IV,24a. 

CRYSTALS WITH 

THE 

TETRAGONAL 


STRUCTURE (IV, 

h4) 

• 

Crystal 

a o 


c o 

AuFb 2 

7.31 A. 


5. 644 A 

Fe Sn 2 

6.513 


5.295 

F6 G6 2 

5.899 


4.991 

MnSn 2 

6. 659 


5.436 

PdPb 2 

6. 835 


5.821 

RhPb 2 

6. 651 


5. 853 

Ta 2 B 0) 

5.778 


4.864 


Chap. IV, table page 51 

(Supplement to page 39) 
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(V,al3). A structure has been 
monoclinic Lead sesquioxide, Pb 2 0 3 
has the dimensions: 


determined for the 

Its bimolecular cell 


0 = 7.050 A., b Q = 5.616 A., 


c 0 = 3.865 A. , 


3 = 80° 6’ 


All atoms have been placed, in the following special 
positions of Cg h 2 (PSjVm): 

(e) ±(u,^,v) 

with the parameters listed in Table VA,11. 

In the structure that results (Figure VA,8), one set 
of lead atoms has four oxygen atoms at distances lying 
between 1.94 A. and 2.22 A. The other lead atoms have 
two oxygen atoms at 2.24 A., two at 2.54 A. and two more 
at 2.81 A. The oxygen atoms about the first lead atoms 
can be thought of as lying at the corners of a distorted 
square, those about the second type of lead atoms as 
being at the corners of a distorted octahedron. 
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(V,b2l). Yttrium hydroxide, Y(0H) 3 , is typical of a 
number of hydroxides having the same structure. It is 
hexagonal with a bimolecular unit of the dimensions: 

a Q = 6.24 A., c q = 3.53 A. 


Atoms are in the following special positions of 
c 6h 2 (C6 3 /m) : 


Y: 

(d) 

2/3,1/3, 

1/4; 1/3,2/3,3/4 

OH: 

(h) 

± (u, v,^; 

v,u-v,£; v-u,u,i), 

with u = 0.287, 

V = 

0.382. 



The arrangement that results (Figure VB,14) is one 
that surrounds each metal atom by nine OH groups; six 
of these are at a distance of 2.42 A., the other three 

at 2.54 A. The nearest approach of OH radicals to one 
another is 2.78 A. 

(V,b22). A layer structure has been described for 
crystals of plutonium tribromide, PuBr 3 , and a variety 
of other bromides and iodides of rare earth and trans¬ 
uranium atoms. They are orthorhombic with tetramolecular 
unit s. 

For PuBr a : a Q = 12.64 A., b Q = 4.'10 A., c Q = 9.14 A. 

The dimensions of the units of other crystals with this 
arrangement are listed in Table VB,12. The space group 
is given as V h * 7 (Ccmm) with atoms in the special 

(c) i(w,0,|; w+-J,^,4)» with w = 0.25 

(c), with w = -0.07* 

(f) +(uOv; u,0,^-v; u+-J,-^,v; u+-^, v ) , 
with u = 0.36, v = -0.05. 

As can be seen from Figure VB, 15. the layers of this s true 
ture are parallel to the b Q c 0 plane. 
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V b 


(V,b23). Crystals of antimony tnf Luoride , SbF 3 , are 
orthorhombic with a tetramolecular unit of the dimensions: 


a Q = 7.25 A., b 


o 


= 7.49 A., c Q = 4 .95 A. 


Atoms have been found to be in the following positions, 
based on the space group C ?1 is(Ama) : 


Sb : 


with u = 0. 


3 t-_ — 1 .1.1, 3 1 


4) u Ai 4 t,u, v; 5, u+-g, v+g; 






, V = 0.00, 


F(l) : 
F(2) : 


with u = 0.467, v = -0.161, 

xyz; xyz; £-x,y,z; x+^,y,z; x,y+|,z+^; 

x,^-y,z+^; r~x, y+^, z+^-; x +i ? -l_ y> z + i ? 


with x = 0.069, y = z = 0.286. 

The choice of these fluorine parameters involves the 
ssump ion that the Sb - F distance equals the Sb - 0 

(Figure "^B 16) b2 ° 3 2 ' ? A * ^ ' The struct ure that results 
the MnJV 18 3 packin £ of Sb F 3 molecules for which 

molecules isT^l °Itoms ° f adjaCent 

be lone- ine- to h rr ^ Atorns ° p antimony and fluorine 

2 55 A to on er ® n molecules approach as near as 
<c.oo a. to one another. 

% 

(V,b24). Scandium hydroxide So (rm) 
in a sense n S been given a structure that is 

(V,b5), which isTitle^f 06 ? n thS S imple Re C 3 arrangement 

ture (VII a5) °Th • related to the perewskite struc- 

the Idgelr ° ellS ' •*** 


For Sc (OH) 
For In(OH) 


a o = 7.882 A. 


o 


= 7.923 A. 


The space group has 
atoms in 


been ^iven as T^ 5 (lm3) with metal 


+ (i l l i a 


£ 2, 3. 3 3 1 


9 9 4 / 
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and OH groups in 


(g) +(Ouv; vOu; uvO; Ouv; vOu; uvO); B.C 


For Sc(OH) 3 , u = 0.307 and v = 0. 


In this structure (Figure VB,17) each scandium atom 
is enveloped by an octahedron of OH ions at a distance o: 
2.08 A. while each of these (OH) groups is equidistant 
from two scandium atoms. The closest approach of OH 
ions to one another is 2.88 A. 


(V,b25). A structure, which appears to need further 
investigation, has been proposed for cuprous trimtnde, 
CuN a . It is tetragonal with: 


a Q = 8 . 653 A. , 


c Q = 5.594 A. 


The atoms of the eight molecules in this unit have been 
given the following positions of C^j 1 e (l 4 1 /a) : 


Cu: (d) 0,i,5/8; 0,£,5/8; £, 0,3/8; £, 0,3/8; B.C 

N(l): ( c ) 0 , 5 ,1/8; 0,|,l/8; £,0,7/8; £,0,7/8; B.C 


xyz; xyz; 

x,y+^,£-z; 


yxz; yxz; 

y , x+_ s, z + i; 

y,£-x,z+£); 

0.077, y = 

0.173, z = 

0.250. 


This arrangement bears no obvious relationship to others 
thus far described. 

(V,b26). A structure has been assigned a -uranium 
trioxide, U0 3 , which relates it to that of U 3 0 8 . The 
hexagonal cell containing one molecule has the dimensions 


a o = 3.971 A., c_ = 4.168 A 


Atomic positions developed fr 


°m D 3 d 3(C3m) 
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U: 

0 ( 2 ) 


(a) 000 


0 (1) : (b) 00^ 


(d) 1/3,2/3,u; 2/3,1/3 , u, with u = 0. 7 


In this arrangement (Figure VB,18), U 
and U - 0(2) = 2.39 A. 


- 0(1) = 2.08 A 


(V,b27). The structure found for aluminum bromide 
AlBr 3 , though also monoclinic is unlike that of the 
chloride. Its tetramolecular cell has the dimensions: 


a = 10.20 A., 


b Q = 7.09 A., c Q = 7.48 A. , 0 


= 96 


Atoms have been placed in general positions of 
C 2h ( p2 x/a)= 

(e) ±(xyz; ^-x,y+^,z) 
with the parameters of Table VB,13. 

In contrast to the chloride which is ionic, this 
bromide structure (Figure VB,19) can be imagined as 
built up of Al 2 Br a molecules. Each aluminum atom is 
surrounded by a tetrahedron of bromine atoms and a 
molecule consists of two of these tetrahedra sharing an 
edge. The A1 — Br separation within a tetrahedron lies 
between 2.23 A. and 2.42 A. Aluminum atoms are 3.14 A. 
apart. In spite of this apparent existence of molecule; 
the bromine atoms by themselves are in a nearly perfect 
close packing throughout the crystal. 
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(V,c4). Thorium tetrachloride , ThCl^, and the 
two other chlorides UCl* and NpCl* have tetragonal units 
containing four molecules. Their cells have the dimen- 
sions: 


V c 


For 

ThCl*: 

a o 

= 8.473 

A., 

c o 

= 7.468 

A. 

For 

UC1 4 : 

a o 

= 8.296 

A., 

c o 

= 7.487 

A. 

For 

NpCl 4 : 

a o 

= 8.27 

A., 

c o 

= 7.47 

A. 


Atoms have been placed in the following special 
positions of D^ 1 9 (14/amd) : 

Th(U or Np): (a) 000; 0,4,^; B.C. 


Cl: 


(h) Ouv; Ouv; uOv; uOv; 

0,4-u,^-v 


u >4, v+4; 


u >h v+i; 

B.C. 


with u = 0.280, v 
uranium salts. 


0.917 for both the thorium and the 


In the resulting structure, for ThCl 4 (Figure VC,3), 
each thorium atom is surrounded by four chlorine atoms 
at a distance of 2.46 A. and four more at the greater 
distance of 3.11 A. The closest approach of chlorine 
atoms to one another is 3.2 A. 

(V,c5). Several crystals isomorphous with zirconium 
tetrafluoride, ZrF 4 , have the monoclinic cells, contain¬ 
ing twelve molecules, listed in Table VC, 4. For the 

its axial sequence as given in Table VC,4 corresponds 
to C2/c. The uranium atoms have been determined to be 
in the following two sets of special positions: 


isomorphous UF 4 the space group has been chosen as Co h , 


U(l) : 
U(2) : 


±(°>u,i; 4>u+4,i), with u = 0.200 
±(xyz; x,y,z+4; x+4,y+4, z; x+4, £-y,z + 4), 


with x = 0.208, y = 0.437, z = ca. -0.17. 
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Positions have not been established for the metal atoms in 

other of these crystals or for the fluorine atoms in any 
of them. 

(V,c6). UranyL fluoride, U0 2 F 2 , and the isomorphous 
neptunyl fluoride, Np0 2 F 2 , have rhombohedral crystals that 
have shown a high degree of stacking disorder. The struc¬ 
ture found for U0 2 F 2 has a unimolecular rhombohedral cell. 
Its dimensions and those of the neptunyl compound are: 


For U0 2 F 2 : 
For Np0 2 F 2 : 


= 5.766 A., a = 42°47’ 

= 5.795 A., a = 42°16\ 


The hexagonal pseudo units of these crystals, each con¬ 
taining three molecules, have the dimensions: 


For U0 2 F 2 : 


For Np0 2 F 2 : 


= 4.206 A., c 0 * = 15.692 A 
= 4.178 A., c ’ = 15.80 A 


= 15.80 A. 
has atoms in the 


000 


+ (uuu) , with u = 0.122, 
with u = 0.294 


The ideal arrangement chosen for U0 2 F 2 has atoms in the 
following special positions of (Rgm) ; 

U: (a) 000 

0 : (c) + (uuu) , with u = 0.122, 

F: (c), with u = 0.294 

These parameters have been selected tc give expected 
interatomic distances. They result in a layer structure 
in which uranium has two oxygen neighbors at U - 0 = 
1.91 A. and six fluorine neighbors at U - F = 2.50 A. 
Actual crystals have given a diffuseness of X-ray dif¬ 
fraction that has been interpreted as due to irregular 
displacements of successive layers. 
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(V,d4). A preliminary description has recently been 
given of the structure of a third modification of 
phosphorus pent oxide, P 2 0 5 . Its orthorhombic tetramolecu 
lar unit has the edges: 


a Q = 9.23 A., b Q = 7.18 A., 


c 0 = 4.94 A. 


1 6 


h 


(Pnam) 


Atoms are in the following positions of V 

±(xyz; x+-g,-£-y,-|-z; x,y, z+-g; ^-x,y+-J,z) 
with the parameters given in Table YD, 5. 

Like the previously described stable modification 
(V,d2), this is not a structure containing separate 
molecules. Each phosphorus atom here is surrounded by 
a tetrahedron of oxygen atoms, three of which are shared 
with neighboring phosphorus atoms to produce (Figure VD,£ 
sheets parallel to the a-face. 

(V,d5). The crystal structure of nitrogen pentoxide, 
(nitric acid anhydride), N 2 0 5 , has been determined at ca. 
-f'O C. and at room temperature. Six molecules are con¬ 
tained in a hexagonal unit of the dimensions: 


o 


o 


= 5.41 A., 
= 5.45 A., 


o 


o 


= 6.57 A., at ca. -60 


o 


- 6.66 A., at ca. 20 


o 


Atoms are in the followi 


6 h 4 (C6/mmc) 

• 

• 

JL 

N(l) : 

(b) 

o,o, k; o,o,t 


N(2) : 

(d) 

2/3,1/3,1/4; 

1/3, 2/3*, 3^4 

0 (1) : 

(h) 

i(u,2u,j; 2u, 

u,^; u,u,5) 

0 (2) : 

(f) 

1(1/3,2/3,v; 

2/3,1/3,v+1 


with u = 0.133 
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This is an arrangement of N0 3 and N 0 2 ions 
(Figure VD, 6 ) in which the N0 3 " anion has its usual 

P lane sha P e "ith N(l) - 0 ( 1 ) = 1.243 A. and 
the N 0 2 ion is linear with N(2) -0(2) = 1.154 A . 

■4“ •« ws _ _ — _ _ • 1 • . a » 


The shortest interionic distances are N(2) 

2.73 A., 0(1) - 0(2) =2.84 A. and 2.96 A. 
ions of the same sign, 

= 3.26 A. and 3.34 A., 


- N( 1) = 
-... Between 

N(l) - N(l) = 3.28 A. , 0(1) - 
0(2) - 0(2) = 3.27 A. 


0 
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(V,e3). Uranium pentafLuoride, UF 5 , has been found in 
two tetragonal modifications. The alpha-form has a 
bimolecular unit of the dimensions: 


a Q = 6.525 A., 


c Q = 4.472 A. 


Atoms have been placed in the following special posit-ions 
of C 4h 6 (14/m) : 


000 ; 


111 


F(l) : 


l 


11 


0O^; 


F(2) : 


± (uvO; vuO); B.C., with u = 0.315, v = 0.113 


In this arrangement (Figure VE,3) each uranium atom has 
six fluorine neighbors with U - F(l) = 2.23 A. and 
U - F(2) =2.18 A. These octahedra are in strings along 
the c Q axis with each F(l) atom belonging to two octa¬ 
hedra. Adjacent strings are in contact through fluorine 
atoms, with F(l) - F(2) = 2.78 A. and F(2) - F(2) = 2.82A 

(V,e4). The beta form of uranium pentaf Luoride , UF 6 , 
has a larger tetragonal unit containing eight molecules. 
Its edRes are: 


o 


= 11.473 A. , 


c Q = 5.208 A. 


The uranium atoms have been found to be in the following 
positions of V^ 12 (l?2d): 

(d)u,1/4,1/8; u,3/4,1/8; 3/4,u,7/8; 1/4,u, 7/8); B.C., 
with u = 0.083. 

Positions could not be established for the fluorine atoms 
from X-ray observations but packing considerations have 
led to the following: 


F(l) : 

(d), 

with u = 0.273 

F(2) : 

(e) 

xyz; x,y+^,^-z; 
yxz; y,x+-J,z+i; 

x = 0. 15, 

y = 0.07, z = 0. 
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F(3) : 


(e), with x = 0.05, y = 0.14, 


= 0.46. 


This results m a seven-fold coordination of the uranium 
atoms with U - F lying between 2.18 A. and 2.29 A. and 

1 Yr r °r f the fluorine atoms shared by neighboring 
polyhedra (Figure VE.4). Scoring 
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(V,f5) . Crystals of uranium hexachloride, UC1 6 , have 
hexagonal symmetry with a trimolecular unit of the 
dimens ions: 


V f 


a Q = 10.97 A., c Q = 6.04 A. 


The space group is Dr^ (C3m) with uranium atoms in the 
posit ions: 


U(l) : 


000 


U(2) : 


t (1/3, 2/3, w) ^ with w = -^ 


The chlorine atoms have been assigned to 
the following special positions: 


sets of 


t (uuv ; u, 2u, v; 2u, u, v) 


with the parameters: 


For 

Cl(l): 

u = 0.10, 

V 

= 0.25 

For 

Cl (2) : 

u = 0.43, 

V 

= 0.25 

For 

Cl (3) : 

u = 0. 77, 

V 

= 0.25. 


This explains the principal features of the X-ray 

ata, and surrounds each uranium atom by an octahedron of 

chlorine atoms which are themselves in a nearly perfect 

hexagonal close packing (Figure VF,3). Within an octa- 

hedral molecule U - Cl - 2.42 A.; between molecules the 
closest Cl - Cl = 3.85 A. 
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(V,g3a). The structure found for tetragonal Pb 3 0 4 is 
also possessed by the several compounds of the composition 
R2MX4. listed later in Table VIIIB,13. In a determination 
more complete than that described in V,g3, it has been 
concluded that the Pb 1 1 atoms of Pb 3 0 4 are in (h) of 


V g 


D 4h 19 


(P4/mbc): 


- (uvO; v,u,£; u+£,£-v,0; v+-^,u+^,^), 


with u = v = 0.153. 


The oxygen atoms have been given the positions: 
0(l): (h), with u = 0.114, v = 0.614 


0 ( 2 ) : 


±(w,w+ 1 ?,i; w> 1 S-w,i; w+^,w,i; ^w,w^), 


with w - 0.672. As in the earlier study the Pb 111 atoms 
are in (d) +(0,£,£; £,0,i). 


The same structure has been found for Sb 2 Zn0 4 . 

it the zinc atoms are in (d) ; the antimony 

have u = 0.175, v = 0.167; the 0(l) in (h) 

' v - 0.614; and the 0(2) in (g) have 

In this arrangement (Figure VG,3) the zinc atoms are 

octahedrally surrounded by oxygen atoms, these octahedra 

being joined by sharing two edges. The antimony atoms 

have three pyramidally distributed oxygen neighbors 
1.87 A. and 2.01 A. 


For 
atoms in (h) 
have u(0) = 

w(0) = 0.669. 

atoms are 


at 
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(Y,h5). There are four molecules of U 2 F e 
unit of the edge length: 


in a cubic 


V h 


a Q = 8.4714 A. 


Uranium atoms are in the following special positions of 
T d 3 (I43m) : 

(c) uuu; uuu; uuu; uuu; B.C., with u = 0.187. 

Though the fluorine positions could not be determined from 
the X—ray data, it was found that the following distribu— 
tion yields acceptable interatomic distances: 

F(l): (e) ± (wOO; OwO; OOw); B.C., with w = 0.225 

F(2): (g) uuv; uuv; uuv; uuv; B.C.; Tr, with u = 0.20, v = 0.46. 

This surrounds each uranium atom with nine fluorine 
atoms, three at a distance of 2.26 A. , three at 2.31 A. 
and three more at 2.34 A. The closest approach of fluo- 

_ / _ \ i . 


rine atoms to one another is 
noteworthy that NaTh 2 F 9 also 
a little larger than that of 
fluorine atoms have been put 
as the uranium 


F(l) - F (2) = 2.57 A. It is 
is cubic with a unit only 
U 2 F 9 ; its thorium and 
in nearly the same positions 


and fluorine atoms in the simpler fluoride. 

(v,hf). Molybdenum has three oxides of complex com¬ 
position lying between Mo0 2 (lV,b6) and Mo0 a (v,b6). They 
have been given the formulas Mo.On, Mo 8 0 23 and Mo 0 O 29 . 
Atomic arrangements have been described for each 


That with the simplest 
designated as the y-oxide. 
unit has: 


formula Mo 4 0ii is usually 

Its orthorhombic tetramolecula 


o = 24.4 A., 


o 


= 5.45 A. , 


o 


= 6. 70 A 


Atoms have been glaced in the special and general 
positions of V h (Pnma): 
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(a) OOO; 0 ,^, 0 ; 15 , 0 ,-g; 75 , 75 ,^ 

(c) + (u,i,v; u+^,^-,^-v) 

(d) ±(xyz; x,^-y,z; x+^,y,^-z; ^-x,y+^,z+^) 

with the distribution and parameters listed in Table VH, 2 

The 3-oxide Mo 8 0 2 3 is monoclinic with a bimolecular 
unit of the dimensions: 


a Q - 16.8 A., 


b = 4.04 A., 


c = 13.4 A. , (3 = 106°5 1 . 


The space gr cup is Cg^ (P2/a) with one set of oxygen atoms 
in the special positions: 

(c) 0 ,^, 0 ; ^,^,0 

and all other atoms in the general positions: 

(g) t (xyz; ^-x,y,z). 

The parameters are those of Table VH,3. 

For the 3 f -oxide Mo 0 O 2 e the bimolecular monoc 1 inic cell 
has the dimensions: 

a Q = 16.75 A., b Q = 4.03 A., c Q = 14.45 A. , 3 = 96 °. 

The space group is the same as that chosen for Mo 8 0 23 , 

l'2h. > with atoms in the positions (c) and (g) just 

listed as well as in the positions: 

(e) i,u, 0 ; §, n, 0 . 

I^Tabl^VH 31 ! and parameters actually chosen are listed 


The tungsten-oxygen system also has a 
composition and symmetry seem to be diffe 

bLn r-? ol y bdenu ™ oxide just described, 
been written as W 18 0 4e , with one of these 

monoclmic cell of the dimensions- 


y-phase, but its 
ent from those 
Its formula has 
molecules in a 


*Chap. V, text page 45b 

(Supp1ement) 



COMPOUNDS R m X n 


Q - 18.32 A. , b 


3.79 A., c Q = 14.04 A. , (3 = 115°12’. 


Atoms have been distributed amon^ the following positions 
of the different space group C 21l (P2/m) : 


(h) 


ill 


(m) uOv; uOv 


(n) 


- l - 


u,g 


with the parameters listed in Table VH,5. 


(V,h7). A partially disordered structure has been 

proposed for the Th 7 S 12 phase of the Th - S system. Its 

symmetry is hexagonal and it has one molecule in a cell 
of the dimensions: 


= 11.063 A. , 


c Q = 3.991 A. 


It has been concluded that the following 
on C gh 2 (C6 3 /m) prevails: 


arrangement based 


One thorium atom in 
0,0, f-. The rest of the 
atoms in three sets of: 


half the positions of 
thorium atoms and the 


(a) 00i; 
sulfur 


( h ) l(u,v,£; v,u-v,i; v-u,u,|) 


with the parameters: 


Th (2) : 

u 

= 0 . 

153, 

v = -0.283 

S(l) : 

u 

= 0 . 

514, 

v = 0.375 

S(2) : 

u 

= 0 . 

235., 

v = 0.000 


This leads to improbably short Th(l) - S(2) distances. 
To avoid this it is suggested that the value of u for S (2) 
is an average one with the result that where 0,0,^ is 

occupied by thorium, u actually is 0.255 and that where 
0,0,^ is occupied u for S(2) is 0.215. 

(V,h8). The vanadium oxide, V e 0 13 , is monoclinic with 
a bimolecular cell of the dimensions: 

a o “ H.90 A., b Q = 3.67 A., c Q = 10.12 A. , (3 = 100°52 ’ . 
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V. 


COMPOUNDS R m X n 


CLOSE PACKED STRUCTURES RX 


(V,b7a). A revised structure for aluminum trichlorid 
A1C1 3 , makes it truly monoclinic but leaves the chlorine 
atoms in the cubic close packing previously found, with 
nearly the same parameters. The aluminum atoms, however, 
are differently placed at a greater and more reasonable 
distance apart. The tetramolecular monoclinic unit is 
substantially the same as before-with: 


= 5.92 A., b = 10.22 A., 


= 6. 16 A. , 3 = 108 


Atoms are in the following positions of Cg h 3 (C2/m) 
A1: (g) ± (OwO; -|,w+^,0), with w = 0.167 


Al: 

(g) 

+ (OwO 

01(1) : 

(i) 

t (uOv 

Cl (2) : 

(j) 

1 (xyz 

it h x = 

0.250, 

y = 


u+ 15 ,hv), with u = 0.226, v = 0.219 

xyz; x+^,y+^, z; x+*.4-y,z). 


+ lt,T5-y, z) , 


z = -0.219. 


The close packing of the chlorine atoms in layers in 

this structure (Figure VB,13) is like that prevailing in 

CrCl 3 (V,b4), but the layers are differently stacked with 
respect to one another. 
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Ui 


(V,bl3a). A new atomic arrangement has recently been 
proposed for the cubic a-bismuth trifLuoride. BiF 3 . Its 
tetramolecular unit has the edge length: 

a Q = 5.853 A. 

and its atoms have_been assigned the following special 
positions of T^ 1 (P43m) : 

Bi: (e) uuu; uuu; uuu; uuu; with u = 0.737 

F (l) : (e ) , with u = ^ 

F(2) : (a) 000 F(3) : (b) ^ 

F(4): (c) CHrjs; -jgOg; HO F (5) : (d) ^00; OjsO; OCHg. 

In this structure (Figure VB,9) the bismuth atoms are 
slightly displaced from the positions assigned them in 
the previous determination. The 'fluorine positions can 
scarcely be considered as firmly established. 
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V. COMPOUNDS R m X n 


TABLE VA.la. CRYSTALS OF THE COMPOSITION R 2 X 3 


Crystal 

Type 

Table 

Paragraph 

Literature 

Ac 2 O 3 

La 2 O 3 

VA, 2 a 

V, al 

1949,Z 

Ac 2 S3 

Cg 2 S 3 

10 

gla 

1949,Z 

Y-ai 2 o 3 

— 

9a 

a5 

1 918,K 

AJHg S 3 

Cg 2 S 3 

10 

gla 

1948, Z; 194 

Au 2 Te 3 

— 

9a 

— 

1946, T & R 

montbraylte 

y-bi 2 o 3 

— 

— 

— _ 

1945, A&L 

B 1 2 (St Sg ) 3 

— 

9a 

— 

1948,R 

guanajuatlte 

B1 2 (Sg , S) 3 

— 

9a 

— 

1948,R 

paraguanajuatlte 

Cg 2 O 2 S 

La 2 0 3 

2 a 

al 

1949,Z 

Cg 2 S 3 

Cg 2 S 3 

10 

gla 

1949, Z 

Eu 2 O 3 

Tla 0 3 

3a 

a 2 

1949, I 

FgT10 3 

FgT10 3 

9a 

a5 

1948, M&P 

synthetic llmenlte 

Gd 2 03 

ti 2 o 3 

3a 

a 2 

1947, I 

1*0.2 O 3 (C) 

ti 2 0 3 

3a 

a 2 

1947, I 

La 2 02 S 

La 2 O 3 

2 a 

al 

1949,Z 


L&2 ^3 

(3-Mn 2 O 3 

N4 2 0 3 
N1 3 As 2 

heazlewood lte 

Np 2 S3 
Pb 2 O3 

3“Pt >2 O 3 

Pr 2 O 3 
Pu 2 O 2 S 

PU 2 S 3 


Ce 2 S 3 
T1 2 0 3 

Tl 2 0 3 


Sb 2 S 3 


T1 2 0 3 
La 2 O 3 

C 6 2 S 3 


9a, 7a 


alO 


al3 


1949, Z 
1949, M&K 

1947, I 

1946, P 

1949,Z 

1944, B; 

1945, B 

1947, I 
1949, Z 

1948, Z 


1945, B 
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V. COMPOUNDS R m X n 


TABLE VA,2a 


HEXAGONAL CRYSTALS WITH THE La 2 0 3 STRUCTURE 
( V, a 1) . 


Crystal 

a o 

C 0 

u (met a 

AC 2 O 3 

• 

00 

0 

* 

6.30 A. 

— 

Ce 2 O 2 S 

4 .01 

6 . 83 

0.29 

La 2 O 2 S 

4.04 

6 . 89 

.29 

P\i 2 O 2 S 

3.927 

6 . 768 

.29 

Tl 2 No 

3. 883 

6.287 

— 


u (0) 
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TABLE VA,3a. 


CRYSTALS WITH THE CUBIC T1 2 0 3 STRUCTURE 
(V,a2). 


Crystal 

a o 

Eu 2 O 3 

10.840 A 

Gd 2 O 3 

10.798 

La 2 O 3 

11.38 

3-Mn 2 0 3 

9.408 

Nd 2 0 3 

11.048 

Pr 2 O 3 

11.136 

Sm 2 O 3 

10.900 

U 2 N 3 

10.678 
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m 

o 



o 

CL, 


8 


m 


w 

QQ 

«< 
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>> 
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4-0 


CO 


X 

cd 
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I 
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^3 

O 
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o 

x 
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o 

x 

40 

fe 


CV 2 

cd 



X 

cd 

X 

40 

CD 

40 


O 

bO 

cd 

X 

CD 


X 

cd 


CO 

to 

X 


co 


o 

GO 



X 


oo 




CN 

rr~* 

o 

1 ° 

▼H 

• 

i 

MM 

o 

1 -r-H 


X 

i 

m 






ZD 






o 






w 








CO 

£> 
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rH 



XI 


• 

• 

i 

i 

w 

o 
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i 

i 

o 

X 
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c 
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cd 

X 
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cd 

c? 

c. 

x 

X 

CD 
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£ 

X 

O 

CN 

CD 

E- 

X 

c 

CO 
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o 

e 

CN 

CQ 
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X 
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CN 
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CO 

Og 

CO 


LO 
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O 
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£> 
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• 

• 

• 

• 

• 
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% 
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X 
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X 
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o 

45 

40 
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X 
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U 
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cd 
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• 

< 

• 
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CD 
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co 

C\2 
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GO 
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CD 
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to 
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cd 

X 
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8 

o 



40 

£ 



X 


CO 




CN 

tS3 

a 


O 


CO 


X 

CO 

CN 

co 

r—i 


-< 

CO 

cd 

X 

X 

X 

cS 

£ 

1 

X 

CN 
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o 

<N 

CO 

CO 
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0Q_ 
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50 


CJ 
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oo 


CO 

in 


c 

CJ 

<D 
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5 

fL 

CD 

II 
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CN 

< 

I 


co 
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A 

X 

A 
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• CO 
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o 

fi 
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SL .2 


c x 

O D 
-« cj 


O co 
CJ 

a> 
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X 

CQ 


£ -5 
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Crystal 


AcBr 3 
AcC I 3 
AcF 3 
Ag 3 N 
AlBr 3 

AlCls 
Al(0H ) 3 
bayerlte 
AmBr 3 
AmCl 3 
AmF 3 


Aml 3 

As I 3 
BBr 3 
BC1 3 

b 2 h« 


BaThF e 
BaUFe 
a-B 1F 3 

bii 3 

CaThFe 


CeBr 3 
CeC 1 3 
Co 3 N 
Cu 3 As 
CuN 3 


Dy (0H ) 3 
Er(0H ) 3 

F 0 3 C 

FeCl 3 
Gd (0H ) 3 


VB,la. 

COMPOUNDS OF 

THE TYPE 

rx 3 

Type 

Table 

Paragraph 

Literature 

Y(0H ) 3 

VB, 11 

V,b21 

1948, Z 

Y(OH ) 3 

11 

b 21 

1948, Z 

LaF 3 

8 a 

bl5 

1949, Z 

— 

10 a 

— 

1949, H&G 


13 

b27 

1945, R&MG 

— 

— 

b7a 

1947, K, MG&R 


10 a 

— 

1942, M 

PuBr 3 

12 

b 22 

1948, Z 

Y(0H ) 3 

11 

b 21 

194 8 , Z 

LaF 3 

8 a 

b 15 

1949, Z 

PuBr 3 

12 

b 22 

1948, Z 

As I 3 

— 

— 

1947, V 

chi 3 

10 a 

XIII,c2 

194 7, R&R 

chi 3 

10 a 

XIII,C2 

1947, R&R 

C 2 H4 

10 a 

XIII,ell 

I 

La F 3 

8 a 

V, b 15 

194 9, Z 

L*aF 3 

8 a 

b 15 

1949, Z 

““ 

— 

bl3a 

194 9, H&F 

As 1 3 

— 

— 

1947, V 

LaF 3 

8 a 

b 15 

1 94 9, Z 

Y(0H ) 3 

11 

b 21 

1948, Z 

y(oh) 3 

11 

b 21 

1948, Z 

■■ 

10 a 

— 

1945, J&S 


—— 

b 17 

1949, M 



b25 

1948,W 

Y(0H ) 3 

11 

b 21 

194 7, F&S 

y(0H) 3 

11 

b 21 

1946,SJ 1947 

" 

— 

b 19 

1944,P 

As I 3 

10 a 

b 1 

1949,G 

Y(OH ) 3 

11 

b 21 

1947, F&S 
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TABLE VB,la 



Crystal 

Type 

Table 

In (OH) 3 

Sc (OH) 3 

— 

LaBr 3 

Y(OH) 3 

11 

LaCl 3 

y(oh) 3 

11 

Lal 3 

PuBr 3 

12 

La (OH) 3 

Y(OH) 3 

11 


Paragraph Literature 


Hg 3 Hg 

ND 3 

NHa 

NdBr 3 

NdCl 3 


Nd(OH) 3 

0C-NpBr 3 

3-NpBr 3 

NpCl 3 

NpF 3 


Npl 3 

PbThFe 

PbUF e 

PrBr 3 

Prci 3 


Pr (OH) 3 

PuBr 3 

PuCl 3 

PuF 3 

Pul 3 


ScCl 3 

SbF 3 

Sb I 3 
Sc (OH) 3 


Na 3 As 

nh 3 

nh 3 

PuBr 3 

Y(OH) 3 


y(oh) 3 

Y(OH) 3 

PuBr 3 

Y(0H) 3 

LaF 3 


PuBr 3 

LaF 3 

LaF 3 

Y(0H) 3 

Y(OH) 3 


b24 


Y(0H) 3 

PuBr 3 

Y(OH) 3 

LaF 3 

PuBr 3 

11 

12 

11 

8 a 

12 

b21 

b22 

b21 

b 15 

b22 

As 1 3 

10 a 

bl 

Asl 3 


b23 

Sc (0H) 3 

— 

b24 


1947, F&S; 

1948, P; S&S 

1948, Z 
1948, Z 
1948, Z 

194 6, S; 1947, F&S; 
1948, Z 


1947, B,N<SR 
1942,V&H 

1942, V&H 

1948, Z 
1948,Z 


b21 

1947,F&S; 1948,Z 

b21 

1948, Z 

b22 

1948, Z 

b21 

1948,Z 

bl5 

1948, ZJ 1949, Z 


1948, Z 

1949, Z 
1949, Z 
1948, Z 
1948, Z 


1947, F&S,' 1948, Z 

1948, Z 
1948,Z 

1948, Z; 1949, Z 
1948,Z 


194 7, K&K 
1943,B&W 
194 7, V 
1947, F<SS; 


1948,S&S 


an 


4. _ t. « 
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TABLE 

VB, la 

(3) 


Crystal 

Type 

Table 

Paragraph 

Literature 

SmBr 3 

PuBr 3 

12 

b22 

1948, Z 

Sm (OH) 3 

Y(OH) 3 

11 

b21 

1947, F&S 

SrThFe 

Lap's 

8a 

bl5 

1949, Z 

SrUF e 

LaF 3 

8a 

bl5 

1949, Z 

ThOF 2 

LaF 3 

8a 

b 15 

1949, Z 

T1C1 3 

As I 3 

10a 

b 1 

1947, K&K 

UBr 3 

Y(0H) 3 

11 

b21 

1948, Z 

UCI 3 

y(oh ) 3 

11 

b21 

1948, Z 

ud 3 

uh 3 

— 

-b25 

194 7, R 

uf 3 

LaF 3 

8a 

b 15 

1949, Z 

uh 3 

uh 3 

““ 

b25 

1947,R; 194 

UI 3 

PuBr 3 

12 

b22 

1948,Z 

a -uo 3 

— — 

— 

b26 

194 8, Z 

vci 3 

Asia 

10a 

b 1 

1947,K&K 

y(oh ) 3 

Y(OH) 3 

11 

b21 

1946, S; S&S 


1947,S&S; F&S; 
1 949, F&D 
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TABLE VB,8a. 


CRYSTALS WITH THE HEXAGONAL CeF 3 STRUCTURE 
(V,bl5). 


Small pseudo-cell 


Unit cell 


Crystal 

V 

c * 

c o 

a o 

C 0 

AcF 3 

4.28 A. 

7.54 A. 

7.40 A. 

7.54 A 

AIT 1 F 3 

4. 081 

7.245 

7.068 

7.245 

BaThFe 

4.288 

7.535 

7.427 

7.535 

BaUF© 

4.273 

7.471 

7.401 

7.471 

CaThF© 

4.033 

7. 189 

6 . 985 

7. 189 

np-i 3 

4.116 

7.287 

7.129 

7.287 

FbThF© 

4.200 

7.410 

7.274 

7.410 

PbUF e 

4. 183 

7.352 

7.245 

7.352 

puf 3 

4.095 

7.254 

7.092 

7.254 

SrThF© 

4.133 

7.342 

7. 158 

•7.342 

SrUF© 

4.111 

• 

7.304 

7. 120 

7.304 

ThOF 2 

4.047 

7.304 

7.009 

7.304 

uf 3 

4. 146 

7.348 

7. 181 

7.348 

Not e : 

All the (p 0 wd 

er) data fr om 

these 

c ompound s 


are explicabl 

e in t e r ms 0 f 

the s ma1 1 f 


bimolecular , 

ps e udo-cell. 
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Chap. V, table page 27a 

(Supplement) 


(a) In a proposed structure the U atoms are at (a) 000; VM/i of 0 h 3 (Pm3n) and the 

D °r H atoms in the (d) positions occupied by the other six W atoms in 3-tungsten. 

(b) The silver atoms in Ag 3 N have the cubic close packing characteristic of metallic 
silver swelled to accommodate nitrogen atoms in positions not yet determined. 

The compound Co 3 N is a similar ‘interstitial nitride’ with, however, its atoms in 
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V. COMPOUNDS R m X n 


TABLE VC,la 


COMPOUNDS OF THE TYPE RX 


Crystal 

Type 

B 4 C 

— 

Ce F 4 

ZrF 4 

HfF 4 

ZrF 4 

Mn 4 N 

Fe 4 N 

NpCU 

UC1 4 

NpF 4 

ZrF 4 

Np0 2 F 2 

uo 2 f 2 

PuF 4 

ZrF 4 

ThCl 4 

UC1 4 

ThF 4 

ZrF 4 

ub 4 

—— 

UC1 4 

UC1 4 

uf 4 

ZrF 4 

uo 2 f 2 

U0 2 f 2 

ZrF 4 

ZrF 4 


Table 


Paragraph Literature 


3a 


1943, Z&S 
1949, Z 
1949, Z 
194 6, G&W 
1949, Z 

1949, Z 
1949, Z 
1949, Z 
1949,M 
1949, Z 

1949, B<Sfi 
194 9, M 
1949, Z 

1948,Z; 1949,Z 
194 9, Z 


Chap. V, table page 29a 

(Supp1ement) 



COMPOUNDS R m X n 


TABLE VC,3a. MISCELLANEOUS RX, COMPOUNDS 


Crystal 


Symmetry 


cl or (3 M 


Remarks 


Mn A N 

UB a 


Cubic (a) 3. 857A, — 

Tetragonal 7.066 — 


3. 97 A. 


c2 


(a) At 21.21 at % N. 


At 12.90 at % N, a Q = 3.826 A 


Chap. V, table page 31a 

(Supplement) 
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TABLE VC,4. CRYSTALS WITH THE MONOCLINIC ZrF 

STRUCTURE (V,c 5). 


Crystal 

a o 


c O 

3 

CeF 4 

12.6 A. 

10.6 A. 

8.3 A. 

126° 

HfF 4 

11.70 

9.86 

7.63 

126° 5' 

NpF 4 

12.69 

10.64 

8.32 

126°10' 

PuF 4 

12.61 

10.57 

8.28 

126°10' 

ThF 4 

13.1 

11.0 

8.6 

126° 

UF4. 

12.81 

10.74 

8.41 

126°1O' 

ZrF 4 

11.71 

9.89 

7.66 

126° 9' 
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V. COMPOUNDS R m X n 


TABLE VD, la. HIGHER COMPOUNDS OF THE TYPE R x X y 


Crystal 


Table 


Paragraph 


Literature 


Ce 3 S 4 
N1 3 S 4 
Pb 3 0 4 

cubic 

Pb 3 0 4 

tetragonal 

U 3 P 4 


ni 0 s 6 

^3 Cq 

u 2 f 9 

Mo 4 0 11 

ub 12 


(Y) 


(Fe, N1) 0 S e 

pentland1te 


Th 7 S t 2 


v« 0 13 


Mo e 0 2 3 

(P) 

MOq 0 2 f>s 

(P 1 ) 

^1 8 0 4 © 

(Y> 


Compounds R^Xg 


mo 2 b 6 (e) 

H, la 

N 2 o 5 

— 

P 2 0 6 (III) 

D,5 

u 2 o 6 

H, la 

w 2 b 6 (e) 

H, la 

<x-uf 6 


P-uf 6 

— — 

UCl e 



V,d5 

d4 


Compounds RX 


e3 

e4 


Compounds RX 


f 5 


Compounds R 3 x 4 


H, la 
VII IB, 2 
VH, la 


gla 

VIII,bl 


VII IB,13 


V, g3a 


VH, la 


gl 


Miscellaneous Compounds 

H, la 
H, la 

h5 

h6 

H, la 


R JC X y 


H, la 


h3 


H, 6 
H, 3 
H, 4 

H, 5 

Ch ap. 


h7 

h8 

h6 

he 

he 

V, t ab1e page 

(Supplement) 


1947, K 
1950, G, EAV 
1949, MG, DAN 

1948, R, B, W&MD 
1947, K 


1948, Z; 1949, Z 
1948, Z; 1949, Z 


1948,Z 


1948,Z; 1949,Z 
1947, L 
194 8, K, SAF 


1943, B AW; 1945, B 


1941,Z 


1947, L 

1948, G 

1948, Z; 1949, Z 

1948, M 

1949, BAB 

1947, L 


1949, Z 
1948, A 
1948,M 
1944, ham; 


1948,M 


1944 , HAM; 1949, M 
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TABLE VH.la. MISCELLANEOUS R x X y COMPOUNDS 


COMPOUNDS R„X 


12 

t-. 

cd 

6 

CD 

QC 


03 

I I I I 

III bO I 





bO > | 



I 

I 



I I I ^ I 
III I 


^ ^ I I I I 
till 



I I I I I I 

I I I I I I 


O 

o 


t- 

t" CD 

I • * I I 

I CO to I I 


t> 

CV2 

I 

I to 


^—i 

• I 

^ I 


I I 
I I 



. 8 t , . 

i -iii 

to 





t- & 
Cvi 05 

OD CvJ 



CO 

ir" 


I 

1 


CO 

LO 

CO 


05 

to 


I 1 
I I 




I 

I 



^ JO ID 

*-t o 
CO O o 



£> 




o 





o 

O 








•r-H 

•r-H 



£ 

r-H 




H 

•g 


CCJ 

o 

cd 




o 

6 


c 

xz 

C 




.c: 

x: 


O 


O 




d. 



bG 

o 


c_> 

O 

o 

o 

o 

o 

CT3 

xz 

d 

•r-* 

•r-H 


.c 

,G 


X 


X 

05 


-O 


■t~> 

05 

a> 

3C 

& 

CD 

^rz 

C3 

o 

o 

o 

& 

<fe 

ZZS 

o 




UJ 





to 



* 

* 

CD 

IO 

to 

CO 

o 

<N 

o 

CD 

CO 

e> 

o 

x: 

c* 

:z> 

c* 

a* 

o 

£ 


CD 

CO 

a 


io 

* co 

CL. t 




CD 

O CD 

n U- 




c* 







V. COMPOUNDS R m X n 


TABLE VH,2 . 


Atom 

Mo(l) 
Mo (2) 
Mo (3) 
Mo (4) 
0 ( 1 ) 

0 ( 2 ) 
0 (3) 
0 (4) 
0 ( 5 ) 
0 ( 6 ) 

0 (7) 

0 ( 8 ) 


POSITIONS AND PARAMETERS OF THE ATOMS IN 
Mo 4 O n (y-oxide) 


Position 

X 

y 

z 

(c) 

-0. 028 

1/4 

0.160 

(c) 

. 087 

1/4 

.518 

(c) 

. 8535 

1/4 

. 804 

(c) 

.2055 

1/4 

. 869 

(a) 

0 

0 

0 

(c) 

. 028 

1/4 

.34 

(O 

-. 088 

1/4 

-. 03 

(c) 

.163 

1/4 

. 67 

(c) 

. 778 

1/4 

. 63 

(d) 

. 063 

o 

o 

• 

. 69 

(d) 

. 123 

. 00 

.35 

(d) 

. 183 

o 

o 

• 

.01 




V. COMPOUNDS R m X n 


TABLE VH,3 


POSITIONS AND PARAMETERS OF THE ATOMS IN 

Mo e 0 23 (3-oxide). 


At 0IT1 

Position 

X 

y 

z 

Mod) 

(g) 

0.415 

0.59 

0.063 

Mo (2) 

(g) 

.246 

.41 

. 188 

Mo (3) 

(g) 

.077 

.59 

.316 

Mo (4) 

(g) 

.404 

.41 

.445 

0 (1) 

(c) 

0 

1/2 

0 

0 (2) 

(g) 

.415 

. 06 

. 065 

0 (3) 

(g) 

.245 

. 94 

. 19 

0 (4) 

(g) 

. 075 

. 06 

.315 

0 (5) 

(g) 

.405 

. 94 

.445 

0 (6) 

(g) 

. 165 

.50 

. 065 

0 (7) 

(g) 

.335 

.50 

. 135 

0 (8) 

(g) 

.4 95 

. 50 

.195 

0 (9) 

(g) 

. 17 

.50 

.27 

0 (10) 

(g) 

.325 

< .50 

.325 

0 (11) 

(g) 

.005 

ca. .50 

.405 

0 (12) 

(g) 

. 16 

ca. .50 

.46 
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V. COMPOUNDS R m X n 


TABLE VH, 4. POSITIONS AND PARAMETERS OF THE ATOMS IN 

Mo 9 0 2S O’-oxide) 


I 


Atom 

Position 

X 

y 

z 

Mo(l) 

(e) 

1/4 

0.59 

0 

Mo (2) 

(g) 

0.456 

.41 

0. 113 

Mo (3) 

(g) 

.162 

.41 

.221 

Mo (4) 

(g) 

.369 

.59 

.334 

Mo (5) 

(g) 

.082 

.41 

.450 

0 (1) 

(e) 

1/4 

. 06 

0 

0 (2) 

(g) 

0.455 

. 94 

. 155 

0 (3) 

(g) 

. 16 

. 94 

.22 

0 (4) 

(g) 

.37 

. 06 

.335 

0 (5) 

(g) 

.08 

. 94 

.45 

0 (6) 

(g) 

.355 

.50 

CO 

o 

• 

0 (7) 

(g) 

.21 

.50 

. 115 

0 (8) 

(g) 

. 06 

.50 

. 18 

0 (9) 

(g) 

.42 

.50 

. 23 

0 (10) 

(g) 

.26 

.50 

.285 

0 (11) 

(g) 

. 125 

< .50 

.345 

0 (12) 

(g) 

.4 65 

ca. .50 

. 42 

0 (13) 

(g) 

.32 

ca. .50 

. 4 6 

0 (14) 

(c) 

0 

1/2 

0 
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COMPOUNDS R m X n 


TABLE VH,5 


POSITIONS AND PARAMETERS OF THE ATOMS IN 

W 18 0* 9 (Y-oxide). 


Atom 


Position 


W(l) 

W(2) 

W(3) 

W(4) 

W (5) 

W(6) 

W (7) 
W(8) 
W(9) 
0 ( 1 ) 

0 ( 2 ) 

0(3) 

0(4) 

0(5) 

0 ( 6 ) 

0(7) 

0 ( 8 ) 

0(9) 

0 ( 10 ) 

0 ( 11 ) 

0 ( 12 ) 

0(13) 

0(14) 

0(15) 

0(16) 

0(17) 

0(18) 

0(19) 

0 ( 20 ) 

0 ( 21 ) 


(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(m) 

(m) 

(m) 

(m) 

(m) 

(m) 

(m) 

(m) 

(m) 

(n) 
(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 

(n) 


0. 072 

£ 

0.003 

.084 

£ 

.285 

. 127 

£ 

.759 

.218 

£ 

.575 

.257 

£ 

. 015 

.277 

£ 

.257 

.363 

£ 

. 869 

.414 

£ 

.536 

.453 

£ 

. 168 

.07 

0 

. 005 

. 085 

0 

.285 

. 125 

0 

. 76 

.22 

0 

.575 

.255 

0 

. 015 

.275 

0 

.255 

.365 

0 

CD 

• 

.415 

0 

.535 

.455 

0 

. 17 

. 015 

£ 

. 715 

. 035 

£ 

.115 

. 125 

£ 

. 905 

. 125 

£ 

.43 

. 14 

£ 

. 625 

. 185 

£ 

.11 

. 19 

£ 

.30 

.25 

£ 

. 87 

.29 

£ 

. 715 

.32 

£ 

.555 


.335 

.35 


15 

39 
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TABLE VH,5 (2) 


Atom 

Position 

X 

y 

z 

0 (22) 

(n) 

.40 


. 015 

0(23) 

(n) 

.445 

i 

. 82 

0 (24) 

(n) 

.495 


.32 

0 (25) 

(h) 

i 

i 

i 


Ch 
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COMPOUNDS R m X n 


TABLE VA,7a. 


PARAMETERS OF CRYSTALS WITH THE Sb 2 S 
STRUCTURE (V,alO). 


Atom 


Position 


For Th 2 S 3 


Th 

Th 

S 

S 

S 


(1) 

( 2 ) 
( 1 ) 
( 2 ) 
(3) 


(c) 

(c) 

(O 

(c) 

(c) 


.314 
.519 
. 818 
.561 
.206 


022 

300 

053 

871 

230 


For U 2 S 3 (S parameters as above) 


U (1) 
U (2) 


1/4 

1/4 

1/4 

1/4 

1/4 


(c) 

(c) 


311 

508 


-0.014 

.305 


1/4 

1/4 


Chap. V, table page 55 
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V. COMPOUNDS R m X n 


TABLE VB,11. 


HEXAGONAL CRYSTALS WITH THE Y(0H) 3 
STRUCTURE (V,b21). 


Crystal 


o 


AcBr 3 
AcC 1 3 
AmCl 3 
CeBr 3 
CeC 1 3 

Dy(OH ) 3 
Er (OH) 3 
Gd(OH )3 
LaBr 3 
L&C 1 3 

La (0H ) 3 

NdCl 3 

Nd (OH ) 3 
a-NpBr 3 
NpCl 3 

PrBr 3 

PrCl 3 

Pr (0H ) 3 
PuC 1 3 
Sm (OH) 3 

UBr 3 

UC1 3 

Y(0H ) 3 


8.07 A 

7.63 

7.38 

7.952 

7.451 


6.27 
6.25 
6.265 
7. 967 
7.483 


6.523 
7.396 
6.43 
7. 933 
7.420 

7.93 

7.42 

6.48 

7.395 

6.27 


7. 942 
7.443 
6.24 


4. 69 A 
4.56 
4.25 
4 .444 
4.313 


3.53 

3.53 

3.54 
4.510 
4.375 


3. 851 

4.234 

3.75 

4.391 

4.281 


4. 

4. 

3. 

4. 

3 


39 
26 
77 
24 6 


• o 


c 4 


4.441 

4.321 

3.53 
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(VI,a9a). Beginning at 160° C. and completed at 
166° C. there is a gradual loss in the piezo-electricity 
shown by NaN0 2 at low temperatures. Above this tempera¬ 
ture too, the cell dimensions change at rates that are 
significantly different from those that prevail below it. 
This slow transition then corresponds to an increase in 
symmetry but not to a radical alteration in the atomic 
arrangement. At 205° C. a Q = 3.69 A. , b Q = 5.68 A., 
c Q = 5.33 A. It has been concluded that this change in 
structure probably corresponds to the development of an 
oscillation of the ions along the b Q -axis about positions 
which can be described in terms of the higher symmetry 
space group V h 26 (immm). Sodium and nitrogen atoms have 
been placed in half its positions: 


I a 


(g) 1 (OwO) ; B.C., with w(Na) = 0.453 and w(N) = 0.090. 

Oxygen atoms have been distributed over half the positions 
(!) t (Ouv ; Ouv ) ; B. C. , with u (0) = -0. 047 and v (0) = 0. 208. 


It 

groups 
1.31 A 


is noteworthy that 
in which the N - 0 
and the ZL..0 - N - 


these parameters lead to 
separation is lengthened 
0 diminished tc 114°. 


N0 2 

to 
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(VI,al 8 ). The compound BaU0 4 has a structure 
corresponds better to the formula Ba (U0 2 ) 0 2 . Its 
molecular orthorhombic unit has the dimensions: 


that 

tetra 


0 = 5.751 A., 


b n = 8.135 A., c„ = 8.236 A. 


The heavy atoms have been found to be in the following 
special positions of V^ 11 (Pbcm): 


U: 


(a) 000 ; 0 , 15 , 0 ; 0,0,-^; 0 , 75,15 


Ba: (d) i(u,v, 4 ; u,-|-v,f), with u = 0.474, v = 


0 . 200 


Ilaucible positions for the oxygen atoms have been chosen 

fi o • 


0 ( 1 ) : 

(c) 1 (w, 4 , 0 ; 

w, 4 9 T ) j with w 

= 0 . 11 

0 ( 2 ) : 

r d ) , with u ( 0 ) 

= -0.13, v (0) 

= -0.04 

0 (3) : 

(e ) + (xyz ; x , 

x,y+£,z; 


with x 

= 0.29, y = -0. 

o 

N 

II 

o 

• 

o 

CD 

• 



»T-z), 


Ihis is a structure (Figure VI,18) that surrounds each 
uranium atom with six octahedrally distributed oxypen 
neighbors; of these four are shared (at distances of 
2.1r A. and 2.22 A.), the other two are those of UO 
groups with U - 0 = 1.90 A. These octahedra form a'net 
or sheet in the YZ plane. The sheets are held together 
along the X-axis by barium atoms midway between. 

( VI ' a19 ) • Jhe structures found for CaU 0 4 and for the 
1 somorphous orU0 4 differ from that of the barium salt 
though they too indicate formulas of the type R (UO ) 0 

The e crystals have hexagonal symmetry with unimolecular 
rhombohedral cells of the dimensions: molecular 


For Ca(U0 2 )0 
For Sr(U0 2 )0 


6.266 A., a = 36°2' 


= 6.54 a. , a = : 


As determined for the calci 


urn compound, atoms are in the 
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following positions of D 3d 6 (R3m): 


U: 

(a) 

000 


Ca: (b) 

0(1) : 

(c) 

± (uuu), 

with u = 

0. 109 

0(2) : 

(c) , 

with u 

= 0.361. 



In the resulting structure U - 0(l) = 1.91 A. and 

U - 0(2) - 2.29 A. The Ca - 0 separations are 2.44 A. 

and 2.45 A. It has been pointed out that this structure 

can be considered as a deformed CaF 2 arrangement with the 

calcium and uranium atoms together replacing the calcium 
ions of CaF 2 . 


(VI,a20) . Ammon mm thiocyanate, NH 4 SCN, forms 

monoclinic crystals with a tetramolecular unit of the 
dimensions: 


a Q = 4.3 A., 


= 7.2 A. , 


c Q = 13.0 A. , 3 = 97°40'. 


All atoms are in general positions of C 2h 5 (P2 1 /c): 

(e) ±(xyz; x,y+^,^-z) 
with the following parameters:. 


For 

S: 

x » 0.992, 

<< 

II 

o 

z = 0.195 

For 

N: 

x = 0.165, 

y = 0.714, 

z = 0.061 

For 

C: 

x = 0. C86, 

y = 0.840, 

z = 0.120 

For 

NH 4 : 

x = 0.442, 

y = 0.333, 

z = 0. 111. 


In the structure that results 
within a linear SCN ion are S 
1.25 A. 


(Figure VI, 19) the distances 

- C = 1.59 A. and C - N * 


(VI,a2l). Strontium trinitride, Sr (N 3 ) 2 forms 
orthorhombic crystals whose unit cell, containing eight 
molecules, has the edge lengths: 


= 11. 82 A. , 


= 11.47 A. , c Q = 8.08 A. 
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Atoms have been placed in the following positions of 


V h 2* (Fddd): 


Sr: 


(a) 000, F.C. 


N(1) : (e) uOO; uOO; £-u,£,£; F.C., 


with u = 0.383. 


N(2): (h) xyz; xyz; £-x,i-y,£-z; i~x, y+^, z+i; 


1 1 


1 


xyz; xyz; xhj, f-y, z+f; x+i, y+i, £-z; F. C., 
with x = 0.383, y = 0.058, z = 0.148. 

In this structure (Figure VI,20), the central atom of 
the N 3 group is separated from its two neighbors by 1.12 A. 
Each strontium atom has eight nitrogen neighbors, four at 
2.63 A. and four more at 2.77 A. 


l l 
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TABLE VI,1a. COMPOUNDS R(MX 2 ) n 


Crystal 


Table 


Paragraph Literature 


AgFeS 2 
AgAsS 2 
smlthlte 
Ba (U0 2 ) 0 2 
CaSn0 2 
Ca(U0 2 )0 2 


VI,all 


18 


19 


1944,B 
1946, P 


1947, S&S 
1942,T 

1948, Z 


CuCr0 2 

CuFe0 2 

delafosslte 

HA LOs 
boehmlte 
HMn0 2 
groutlte 
KB1S 2 

K x CrS 2 

LlFe02 

niuscn 

NaB 1S 2 
NaCrS 2 


9 


IV, d 9 


dla 


VI,a8 


1949,S 
1946,P 


1944,B 

1948, R, R&S 
1944 , B, B &N 
194 9, Z&Z 
1944, B 
1948, R, R&S 


teiNCO 

Isocyanate 
NaNOj (>158° 

a-Pb (N 3 ) 2 

3-Pb (N 3 ) 2 

RbCrS 2 


C. ) 


RbCrSe 2 

Sr (Ns) 2 
Sr (U02 ) 0 2 


9 


9 


9a 


1943, B 

1943, S&MG; 194 6, S&MG 

1931,M; 1948,P 
1931, M; 1948, P 
1948, R, R&S 


1948,R,R&S 

194 7, L&W 
194 8, Z 
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B 

4-3 

CO 

cd 


II 

£> 

cd 


CO CO 


• 



CD 


o 

03 


03 

s 

CO 

rH 

CD 

O 

o 

• 

• 

• 

• 

• 

o 

ID 

CO 



*rH 

rH 


n—4 



CO 

cd 



co o i> 
cd cd cd 


CO 


C\2 

C \2 

CO 


03 

C\2 

o 

c\2 


CO 

03 

• 

£ 

03 

• 

CD 

8 

O 

• 

CD 

CD 

O 

r- 


03 

CO 


o 

03 

o 

CD 

8 

CO 

CV2 

CO 

CD 

LQ 

co 

to 

CO 

CO 

• 

m 

• 

CD 


cd 


cd 

c 

o 

bO 

cd 

X 

CD 


CD 

•*-> 

cd 

cd 

8 

CO 


8 S 

cd co 


Ch a p 


VI, table page 
( Supp1e me nt ) 



(a) For NaCrSe 2 the unimolecular rhombohedral unit has a = 7,094 A. , OL = 30°18 * . 

(b) Parameters for NaOCN with a structure like the newer arrangement for NaN 3 based 
on C 3v 5 (R3m) have been chosen as u(Na) = !i, u(N) = 0.075, u(C)= -0.005, u(0)= -0.080 

(c) For CuFe0 2 the unimolecular rhombohedral unit has a = 5.96 A. , Oi = 29 0 26* The 
dimensions given in this table are those of Table VI,4. 



VI. COMPOUNDS R(MX 2 ) n 


BIBLIOGRAPHY SUPPLEMENT 


1931 


Miles, F. D. , The formation and characteristics of crystal 
crystals of lead azide and of some other initiating 
explosives, J. Chem. Soc . , London, 1931, 2532. 


Tanaka, Y., Reactions 
temperatures. IV 
oxide and stannic 

17. 70. 


1942 

between solid oxides at higher 
The reaction between calcium 
oxide, Bull. Chem. Soc. Japan, 


1943 

Bass iere, M. , The crystal structure of sodium isocyanate 
Mem. services chim. etat (Pans) ,. 30, 30. ’ 

Strijk, B. and MacGillavry, C. H. , A high-temperature 
modification of NaN0 2 , Rec. t'rav. chim., 62, 705. 

1944 

Barblan, F. Brandenberger, E. and Niggli, P ., Ordered 

* bisordered structures of titanates and ferrites 
VeLv° rd rT ed transformations of the T i 0 2 modification 

Helv. Chim. Acta, 27, No. 1, 88. 

Boon J. W. Crystal structure of NaBiS 2 and KBiS 2 Rec 

trav. chim., 63, 32. 2 nec * 

Boon, J. W. , The crystal structure of chalcopyrite (CuFeq 1 

* nri Ihe permutoidic reactions KFeS r v q 2 

and KFeSo-\ Kleb 2 CuFeS 2 

2 ^^^ 2 , tiec. trav. chim., 63 69 


1946 

Pabs i;,«;'h N ° t 3l°5 3 t 9 ! le struoture ° r —fen., Am . 

Peacock, M. A., Crystallography of artificial and 
srtithite, Um v . Toronto Studtes. C„ , 


ana natural 
Se r. No . 50 t Q± 


Chap. VI, bibl. page 5 

(Supplement) 


WYCKOFF: CRYSTAL STRUCTURES 



Strijk, B. and MacGillavry, C. H., Rectification of 

"A high-temperature modification of sodium nitrite " 
Rec. trav. chim., 65, 127. ’ 


1947 

Llewellyn, F. J. and Whitmore, F. E., The crystal struc¬ 
ture of strontium azide, J. Chem. Soc., 1947, 881. 

Samson, S. and Sillen, L. G., The crystal structure of 
barium uranate; the nonexistence of the U0 4 group, 
Arkiv Kemi , Mineral. Geol., 25A, 16 pp. 

1948 

# 

Pfefferkorn, G., The structure of lead azide, Z. Natur- 

forsch. , 3A, 364. 

Rudorff, W., Ruston, W. R. and Scherhaufer, A., The 

crystal structure of sodium selenochromite, NaCr Se 2 , 

P^ e iminary investigations on related compounds, 
Acta Cryst ., 1, 1 96 . F 

Zacharlasen, W. H., Crystal chemical studies of the 5f- 

element / s - IV. The crystal structure of 
Ca(U0 2 )0 2 and Sr (U0 2 ) 0 2 , Acta Cryst.. 1, 281. 

1949 

oupe, J D., An X-ray diffraction study of the copper 

romi es and of the "copper-chromium oxide" catalyst, 
a. Am. them. Soc., 71, 569. 

ZV ° n ™o’- Z - A. Zhdanov, g! S., X-ray study of 

ammonium thiocyanate, Zhur. Fiz. Khim.. 23, 1495. 


Chap. VI., bibl. page 6 

(Supplement) 


VII. COMPOUNDS R n (MX 3 )p 


(VII,bll). Structures have been determined for 
potassium cuprous chloride , K 2 CuC 1 3 , and two other members 
of the isomorphous series of which it is an example. Their 
tetramolecular orthorhombic units have the dimensions: 


For K 2 CuC 1 3 : 
For Cs 2 AgCl 3 
For Cs 2 Agl 3 : 


a o = 

12.00 

A., 

b o 

- 

12 . 

55 

A. 

’ c o 

= 4. 

20 

A. 

a o = 

13. 19 

A., 

b o 

— 

13. 

74 

A. 

’ c o 

- 4. 

57 

• 

A. 

a o = 

14.39 

A., 

b o 

— 

15. 

16 

A. 

» c o 

= 5. 

02 

A. 

been 

found 

t o 

be 

in 

special 

pos it 

; ions 

• 

• 


(c) 

± (u,v 


U + -S 

l 

9 

-v, 5 

) 







l e 


h ( p nam) with the parameters, for K 2 CuC 1 3 , listed in 


of V 
Table VIIB, 8 . 


This leads to a structure (Figure VIIB, 10) composed 
of potassium ions and of CuCl 4 tetrahedra which are linked 
into chains along the c Q -axis through sharing corners. 
Within one of these tetrahedra the Cu - Cl separation 
lies between 2.31 A. and 2.43 A. Each potassium atom, 
situated between these 'chains, has seven chlorine neigh¬ 
bors at distances that range between 3.12 A. and 3.27 A. 


(VII,b12). The structure that has been found 
Cubanite, Fe 2 CuS 3 , contains four molecules in an 
orthorhombic unit of the dimensions- 


for 


o 


= 6. 46 A. , 


= 11. 117 A. , 


o 


= 6.233 A. 


The space group is V 


(Pcrrm) with atoms in the positions:! 

1 (xyz; x+^,y+^,^_ z; x,£-y,z; ^-x,y,z+^). 

The chosen parameters are listed in Table VIIB 9 This 

gives a structure (Figure VIIB,11) which can be considered 

r S ?T °fjsuper-lattice on the wurtzite arrangement 

■T.’C Wlth alabs of metal-sulfur tetrahedra alternating 
their orientations in layers along the b Q -axis (Fig 


ure 
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VII b 


VIIB,12). Within an Fe - S slab the tetrahedra share 
edges; within a Cu - S slab they share corners only. 

crvstalq' that * Vi SeLenious A CT-d, H 2 Se 0 3 , forms orthorhombic 
ystals that have four molecules in a unit cell of the 
dimensions: 


o 


- 9.15 A. , 


b Q = 6.00 A. , 


c Q = 5.05 A. 


)^ Ve been P laced in the general positions of 

... ‘ a) xyz ’ £-*>?> x+h.i-y,z; s,y 

With the parameters of Table VIIB,10. 

IIlN j Fl S ure VIIB, 13) to pyramidal Se0 3 groups which 

f j 11 f, ogether presumably through hydrogen bonds to 

Within ° U q n ayePS parallel to the cleavage plane (100). 

The shnrt.^ n Se T 0 = 1. 72 A. , 1.75 and 1.76 A. 

the nne SS H u j separations between Se0 3 ions, through 
the presumed hydrogen bonds, are 2.56 A. a^d 2 .60 A. 

corrJln^H 14 ^ * Magnesium borate, Mg 3 (B0 3 ) 2 , and the 

bic crystai^wi?^ 0 ^ COmpound Ca 3 (BO 3 ) 2 form orthorhom- 

leng?hs: bimolecular cells having the edge 


For Mg 3 (B0 3 ) 2 : 
For Co 3 (B0 3 ) 2 : 


o 


o 


5.398 A., b 
5.462 A., b 


o 


o 


8.416 A. , c~ = 4.497 A 


o 


8.436 A. , c~ = 4.529 A. 


Atoms have been found to be i 
^h 1 2 (Pnmn) : 


o 


in the following positions of 


Mg(l) [or Co]: (a) 000; 

Mg (2) [or Co] : (r) + /1 ~ i i, 

^ -(■£;, w, 0; 0, w+^, -g) , with w = 0. 321 

(g) _ (uOv, u+-^,^,-^_ v ) f with u - 0.25 and v = 0.56 


^ ; (g) , With U(0) = D , I 

0.316 and v (0) = C. 258 

(h) d i xyz; xy2; x + i,i-y,i- 

>-< T * — /^\ ^ .-. _ 


with x 


0. 705 


1 °- 2l8 > y 58 0. 159 an d z = 
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NaCl-LIKE CRYSTALS 


(VII,ala). 
oxygen paramete 
separation of 1 


A more accurate determination 
in NaN0 3 has given u = 0.242 
22 A. 


of the 
and a N 


At temperatures above 275° C. the reflections due to 

oxygen atoms alone have disappeared, undoubtedly due to 

loss of order in their arrangement. Studies have been 

made of the X-ray patterns obtained in the region between 

150° and 275° C. where a gradual transformation to this 

less ordered state seems to be developing. It has been 

considered that observation is satisfied if the N0 3 groups 

are, above 275° C., either in free rotation about their 

three-fold axes or randomly distributed between their 

position at low temperature and another position turned 
30° (or 180°) to this. 


VII a 
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MISCELLANEOUS CRYSTALS 

(VII,al6). Crystals of cesium cupric chloride, 
CsCuCl 3 , are hexagonal with a unit containing six mole¬ 
cules and having the edges: 

a Q = 7.20 A., c Q = 18.00 A. 


D e 2 (C6i2) : 


Cu: 

(a) 

uOO; 0,u, 

u,0,£; 0, 

Cs : 

(b) 

u,2u,1/4; 

u,2u,3/4; 

Cl (1) : 

(b), 

with u = 

Cl (2) : 

(c) 

xyz; y,x- 


u ,0,^i 0, u, 5/6; u, u, 1/6, with u = 0.07 


u,u,5/l2, with u = 0 



'i z + 1/3; y-x,x,z+2/3; 
y,y-x,z+5/6; x-y,x,z+l/6; 
y,x,1/3-z; x,y-x,2/3-z; x-y,y,z; 
y * X, 5_/C — z; x, x-y, l/6-z ; y — x, x, Jj— z, 

with X « 0.35, y - 0.22, z = 0.25. In this structure 
\Figure /IIA,15) the cesium and chlorine atoms together 
are in approximately close packed layers with the copper 
atoms lying between successive layers. The Cs - Cl 
separations range from 3.40 A. to 3.82 A. Each copper 
atom is surrounded by two chlorine atoms at a distance of 
2.27 A., by two more nearly as close (2.30 A.) and by 
two more distant (2.65 A.). This association of copper 
and chlorine atoms is such as to suggest that they form 
a chain ion oi the sort shown in Figure VIIA 16. 

(VII,al7). In addition to its cubic and tetragonal 
ferro-electric p^rewskite forms, barium titanate BaTiO 
has a stable hexagonal modification. Its unit contains'^’ 
six molecules and has the edge lengths: 


VII a 
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o = 5.735 A., 


c Q = 14.05 A. 


the followin S special positions of 

D 6h (C6/mmc): 


Ba(l): ( b ) 


o,o, d 0,0,| 


Ba(2): (f) + d/3, 2/3, u; 2/3, 1/3, u+1/2) , 
Ti(l) : ( a ) 000 ; 0,0,£ Ti(2) : (f) . wi 


with u = 0.097 


L) : (a) 000 ; 0,0,^ Ti (2) : (f) , with u = 0.845 

^ ~ ^ U ’ ^ u , 4 ; 2u,u4; u,u,i), With u = 0.522 


0 (2): (k) +(u,2u,v; 2u,u,v; 


uuv: 


u,2u,l/2-v; 2u, u, 1/2-v; u, u, l/2-v), 
with U = 0.836, V = 0.076. 

clnsp-nLrH U i tUre ’ like the cubic form, is a stacking of 
c axis ayers of Barium plus oxygen atoms along the 

re^itiin 16Ure VI ^ A ’ 17 )- ^ the cubic form there is 

the reDF-t i f SVery t SS dayers ’ in this hexagonal form 
wavs such a ^ ° + CCUrS 6Very Sixth layer . 0? the several 
found is +ha + e + e , ltion could be achieved, the one actually 
Titanium at ? . b ® desi 6 n ated as ABCACB (Figure VIIA, 18). 

packing 10 but t ° Ctahedral holes of thS Ba t 0 

to form' Ti n W ° t irds of the TiO e octahedra share faces 
these Ti d* 9 gr ° Ups while the other third do not. Within 

2.67 A. and n°^-^° UPS ^ Ti ~ Ti se P aration iS 

the TiO nc+aVi 7 u° ^stances 1.96 A. and 2.02 A. In 

barium atom 7 Tl ~ 0 distance is 1.96 A. Each 

are six oxyge^ a Z neighbors. For Ba (l) there 

at 2.94 A. for BaT?) 3 ^* dlstance of 2'. 89 A. and six more 

2.78 A., six at P 1 A h<3re 3re three oxygen atoms at 

, six at 2.88 A. and three more at 2.96 A. 

electric is^rn^hi' 0 ™ ° f BaTi ° 3 ’ which is not ferro- 

that has'nrevin f y identi cal with the modification 

previously been described as rhombohedral. 
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B. COMPOUNDS OF THE 


R n (MX 3 ) 


(VII,b6 Pyrargyrite Correction) 


In terms of the hexagonal axes atoms of these six mole 
cules are in the following positions of Cg v 6 (R3c): 

OOu; 0, 0, u+-^; Rh 




xyz; y,x-y,z; y-x,x,z; 

y.x,z+^; x,x-y,z+^; y-x,y,z+-g; Rh 


with the positions and parameters of Table VIIB,3. 
structure is shown in Figure VIIB,15. 


This 


In a second, and less complete, determination the 
unit cells and space group were found for these two 
minerals but different parameters led to a different 
atomic arrangement. 


same 


For the structure as described each arsenic atom in 
Ag 3 AsU 3 has three sulfur neighbors at a distance of 
2.C5 A.; in Ag 3 :jbS 3 the corresponding distance is 
— .j - t .45 A. Each sulfur atom in the arsenic 
is distant from two silver atoms at Ag - S = 2.40 A. and 
one arsenic atom at 2.25 A. 


c ompound 


VII b 
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TABLE 

VIIA,la. 

COMPOUNDS OF THE TYPE 

RMXg 

Crystal 

Type 

Table 

Paragraph 

Literature 

a1B10 3 

CaT10 3 

4a 

— 

1947, NS 


BaCeOg 

CaT10 3 

4a 

— 

194 7, NS 


BaPr0 3 

CaT10 3 

4a 

— 

1947, NS 


BaSn0 3 

CaT10 3 

4a 

5 

1946, m; 

1947, NS 

BaTh0 3 

CaT10 3 

4a 

— 

1947, NS 


BaT10 3 

CaT10 3 

4a 

5 

1945, m; 

194 7, K&R 

cubic 

BaT10 3 

— 

— 

17 

1946, m; 

1948, V&G 

rhombohedral 
BaTlOg 

_ _ 

— 

17 

1948, B&E 

0 

; e&b 

hexagonal 

BaT 10 3 

CaT10 3 

4a 

— 

1945, M; 

194 6, m; 

tetragonal 

(Ba, Sr )T10 3 

CaT10 3 



194 7, k&r; ns; 
1948, V&G 

1946, M 

tetragonal 

(Ba,Sr)T 10 3 

CaT10 3 

— 

— 

1 94 6, M 


cubic (>120°c. 

BaZr0 3 

) 

CaT10 3 

4 a 

5 

194 6, M; 

1947, NS 

BlCr0 3 

CaT10 3 

4a 

— 

1947,NS 


CaCe0 3 

CaT10 3 

4a 

— 

194 7, NS 


CaC0 3 (calclte) 

— 

— 

— 

1940, l&S 


CaSnOg 

CaT10 3 

4a 

— 

1945, R; 

194 6,M; 

CaTh0 3 

CaT10 3 

4a 


1947, NS 
1947, NS 


CaT10 3 

CaTl0 3 

4a 

— 

194 6, M; 

1947, NS 

CaZr 0 3 

CaT10 3 

4a 

# 

194 6, M; 

1947, NS 

CdCe0 3 

CaT10 3 

4a 

— 

1947,NS 

• 

m 

CdSn0 3 

CaT10 3 

4a 

— — 

1947,NS 


CdThOg 

CaT10 3 

4a 

— 

1947, NS 


CdT 10 3 

CaT10 3 

4a 

— 

194 6, M; 

1947, NS’ 

CdZr0 3 

CaT10 3 

— 

— 

194 7 ,NS 


CeAl0 3 

CaT10 3 

4a 

— 

1949, Z 
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Crystal 

Type 

Table 

Paragraph 

Literature 

CsCdBr 3 

CaT10 3 

4a 

— 

1947, NS 

CsCdCl 3 

CaT10 3 

4a 

— 

1947,NS 

CsCuCl 3 

CsCuCl 3 

— 

16 

194 6, K&S; 1 

CsHgBr 3 

CaT10 3 

4a 

— 

1947, NS 

CsHgCl 3 

CaT10 3 

4a 

— 

1947,NS 

CsI0 3 

CaT10 3 

4a 

— 

1947,NS 

KCdCl 3 

NH 4 CdCl 3 

8a 

— 

1947,B 

kio 3 

CaT10 3 

4a 

— 

194 7, NS 

KMgF 3 

CaT10 3 

4a 

— 

1947, NS 

KN1F 3 

CaT10 3 

4a 

— 

1947, NS 

KN0 3 (152° C.) 

— 

—— 

— 

1947,T 

KTa0 3 

CaT10 3 

4 a 

— 

194 7, NS 

KZnF 3 

CaT10 3 

4a 

— 

1947,NS 

LaA10 3 

CaT10 3 

4a 

— 

1947,NS 

LaFe 0 3 

CaT 10 3 

4a 

— 

194 7, NS 

LaMn0 3 

CaT10 3 

4a 

— — 

194 7, NS 

MgCe 0 3 

CaT10 3 

4a 

— 

1947, NS 

NaBe F 3 

P-CaS10 3 

8a 

— — 

1943, od&t; 
1945, OD&T 

NaCb 0 3 

CaTl0 3 

4a 

— 

194 7, NS 

NaI0 3 

Na I0 3 

— 

7 

1943, mg&e; 1 

NaN0 3 

NaN0 3 (a) 

—— 

1 

1945, K&S; 1£ 

NaTa0 3 

CaT 10 3 

4a 

— 

1947,NS 

NaV0 3 

— 

8a 

— — 

1943,S 

NH 4 10 3 

NaI0 3 

— 

7 

1943,MG&E; 1 

NH 4 N0 3 (III) 

— 

— 

11 

1947, G&W 

PbCe0 3 

CaT10 3 

4a 

_ — 

194 7, NS 

PbSn0 3 

CaT10 3 

— 

— 

194 7, NS 

PbTh0 3 

CaT10 3 

4a 

— 

1947, NS 

PbT10 3 

CaT10 3 

4a 

— 

1946, M; 1947 

PbZr0 3 

CaT10 3 

4a 

— 

1946,M; 1947 


1 947, W 


1947.NS&N 
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VII. COMPOUNDS R n (MX 3 )p 




TABLE VI IB,7a. MISCELLANEOUS CRYSTALS R V (MX 3 ) 



A structure has been proposed for a potassium bronze with x = 0.60 and partial 
structures for the sodium bronzes. 
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PUBLISHER’S NOTE 


This book is being published in loose-leaf form in 
three main installments (Sections I-III). Supplements and 
replacement sheets will be issued from time to time and 
will bring and keep the material up to date. The binder 
’ is designed to hold all three sections. 

Because of the loose-leaf form of this publication and 
the plan to keep it up to date, numbering the pages con¬ 
secutively throughout was not feasible, nor was it possible 
to provide a subject index. Therefore, to enable the user 
to refer easily to material in the book, the following 
system has been devised: 

The book is divided into chapters, and in each chapter 
the material is subdivided into Text, Tables, Illustra¬ 
tions, and Bibliography. Each group is paginated separa¬ 
tely, so that, for instance, reference to ’’Chapter II, 
table page 6," means ’’Page 6 in the Table part of Chap¬ 
ter II," while ’’Chapter II, text page 6,’’ means ’’Page 6 
in the text part of Chapter II. ’’ 


To locate material, consult the Table of Contents at the 
beginning of the book. It will show in detail in which 
chapter and in which subdivision specific material is 
treated. For example, information on binary compounds 
RX^ will be found in Chapter V, under: 


Text. 

B. Structures of the Compounds 

. 


Tables.. 

B f l. Compounds of the Type RX^*. . . 

B,2. Cell Dimensions of Rhomb o- 

hedral RXg Crystals* .. 

and so on, through Table B,10. 


V, text 

pp. 

1-45 

V, text 

P* 

11 

V, tables 

pp. 

1-43 

V, table 

P- 

15 

V, table 

P. 

19 


The reader is reminded always to check each of the four 
subdivisions of each chapter when seeking information on 
a particular topic . 







